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Solomon Cady Hollister, President, 
AS.E.E., 1951-52 


The newly elected President of the So- 
ciety has been engaged almost equally in 
both the practice and the teaching of en- 
gineering. Although the past twenty 
years have brought him a succession of 
academic assignments, culminating in his 
appointment as Dean of the College of 
Engineering at Cornell University in 
1937, he has continued in this period 
his early association with professional 
practice and development. His concern 
with the advancement of the engineering 
profession is evident in his expressions of 
educational philosophy, particularly in 
his insistence that today’s education must 
be strengthened to support the advanced 
technology of two or three decades hence. 

Dean Hollister’s own collegiate training 
was undertaken at the State College of 
Washington, and at the University of 
Wisconsin, where he received the B.S. 
in C.E. in 1916 and the C.E. in 1932. 
He was awarded the honorary degree of 
Doctor of Engineering at Stevens Insti- 
tute of Technology in 1942. 

For a period of fifteen years after 
graduation he engaged in a wide range of 
professional practice. It was at this 
time that reinforced concrete construe- 
tion was emerging from the status of a 
somewhat unpredictable art to that of 
a structural science. Dean Hollister soon 
became associated with several of the ma- 
jor activities in this field, including in 
his work the post of chief design engineer 
on the development of conerete ships for 
the U. S. Shipping Board in World War 
I. Although his career has since taken 
him into various other engineering in- 
terests, he has maintained a close affinity 


with coricrete technology as a_ teacher, 
consultant, and member of numerous 





technical groups in the field. He has 
served as a member of the Joint Com- 
mittee on Standard Specifications for 
Conerete and Reinforeed Conerete. His 
long association with the American Con- 
Institute includes commit- 
tee chairmanships and terms as 
president, 1932-34. 

Of his many publications, a good num- 
ber deal with concrete and structural de- 
sign, ineluding A.C.I. Wason Research 
Medal paper, “Design and Construction 
of a Skew Arch Bridge.” He has also 
contributed sections en these subjects for 
several engineering handbooks. 

As a consulting engineer in the 1920’s, 
he became interested in the potentialities 
and problems of structural welding. He 
undertook the development of the more 
rigorous methods of stress analysis and 
engineering control required in welded 
fabrication. This interest in turn led 
him back to the academie scene at Pur- 
due where, in 1930, he accepted appoint- 
ment as Professor of Structural Engi- 
neering and Assistant Director of the 
Testing Materials Laboratory. His work 
on photoelastic methods of analysis led 
to his appointment as consulting engi- 
neer to Babeock and Wileox on the de- 
sign and fabrication of the Hoover Dam 
penstocks. He has since earried out a 
number of assignments for this com- 
pany on high pressure boiler design. 
Other consulting activities with industry 
and government agencies have covered 
a wide range of engineering problems. 

In 1934 he came to Cornell as Diree- 
tor of the School of Civil Engineering, 
and in 1937 he was appointed Dean of 
the College of Engineering. He has 
since devoted much time to edueational 
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SOLOMON CADY HOLLISTER, 1951-52 


development, and particularly to the re- 
lation of engineering education to the 
profession. For the past two vears he 
has been chairman of the Edueation 
Committee of Engineers’ Couneil for 
Professional Development, and chairman 
of the Subcommittee on Graduate Edu- 
eation. His affiliation with A.S.E.. 
dates back to 1916 and includes service 
as chairman of the Administrative Di- 
vision (S.P.E.E.) and of the Con mittee 
on Universal Military Training (38.P.. 
E.E.), member of the Manpower Com- 
mittee, and member of Council (1937 
40). 

For the past several years Dean Hol- 
lister has been active in focusing atten- 
tion on the impending shortage of engi- 
neers. He is presently serving as a 
member of the Engineering Manpower 
Commission of Engineers Joint Council; 


Fall Meetings 





the Advisory Committee on Engineering 
Seienees for Selective Service; and the 
Committee on Specialized Personnel, Of- 
Defense Mobilization. 

Dean Hollister is a member of a num- 
ber of professional societies, including 
A.S.C.E., which he served as a director, 
A.S.M.E., A.R.E.A., and others, and of 
Sigma Xi, Tau Beta Pi, Phi Kappa Phi, 
Chi Epsilon, and Gamma Alpha. His 
publie service has included the chairman- 
ship of the Advisory Committee on Wa- 
ter Resources of the State of New York; 
membership on the Governor’s Advisory 
Committee on Technical Industrial De- 
velopment; consultant to the U. S. Mari- 
time Commission; and Regional Diree- 
tor for ESMWT during the war years. 
He is at present a member of the Ad- 
visory Committee to the U. S. Coast 
Guard Academy. 


tice of 


Fall Meetings 


THE AMERICAN SOCIETY FOR ENGINEERING EDUCATION 
including 


ENGINEERING COLLEGE ADMINISTRATIVE COUNCIL 
ENGINEERING COLLEGE RESEARCH COUNCIL 
GENERAL COUNCIL 


November 15, 1951 


Rice Hotel, Houston, Texas 


The ECAC along with the ECRC and the General Council will hold meetings at 


the Rice Hotel, Houston, Texas, Thursday, November 15, at 2:00 P.M. 


These meet- 


ings will immediately follow the annual meeting of the Association of Land-Grant 
Colleges and Universities, which will be held at the Rice Hotel from Monday, November 


12, until Thursday noon, November 15, inclusive. 


This arrangement is for the benefit 


of many of our members who also belong to the Land-Grant College Association. 
President Hollister will open the meeting, outlining the need for such guidance 
activity. 











The Year of Evaluation 


By S. C. HOLLISTER 
President, ASEE and Dean of Engineering, Cornell University 


It seems appropriate, in this first year 
of the second half of this century, that 
we take account of our progress in engi- 
neering education through an objective 
evaluation of our performance; and that 
we appraise the engineering profession to 
determine whether its growing needs are 
being adequately met. 

Fifty years ago, at the turn of the cen- 
tury, the steam turbine was just emerg- 
ing. Although electricity was an estab- 
lished source of power, it had not yet 
gained its eventual place in industry; and 
the household appliance was far in the 
future. The automobile was scarcely to 
be trusted on a trip the length of Main 
Street, and if one wished to venture far- 
ther, he found there were no decent roads. 
The X-ray was very new and the airplane 
and radio-telegraph were yet to come. 
The telephone was a box on the wall. 
Kerosene was still widely used for light- 
ing. The petroleum and chemical in- 
dustries were only beginning. The first 
steel bridge was about twenty years old. 

Although there were at that time about 
110 schools teaching some phases of en- 
gineering, only a few would be con- 
sidered as being strong. There had 
emerged by that time, however, the gen- 
eral form of curriculum that during the 
following decade became _ generally 
adopted. That these early curricula fur- 
nished strong support for the profession 
in bringing into being the many engineer- 
ing achievements of those times is under- 
standable, since these achievements were 
largely first approximations, made with 
a wealth of natural material resources 
upon which to draw. Because of their 
widespread adoption as to both form and 
content, these curricula became standard; 


and certainly in the older branches of 
civil, mining, mechanical and electrical 
power engineering, the curricula have in 
most schools been modified very little in 
the last forty years. 

The educational system that has come 
into being in this country certainly was 
not evolved after a preconceived national 
plan, so far as engineering and allied 
fields are concerned. Whereas abroad 
there is commonly a technical institute 
program functioning in parallel with 
strong professional engineering educa- 
tion, there have been relatively few tech- 
nical institutes in this country, leaving 
the burden of serving both needs upon 
the engineering schools. Moreover, en- 
gineering curricula developed as substi- 
tutes for, rather than extensions of, gen- 
eral collegiate education, and thus did not 
follow the evolution of education in the 
medical and legal professions. 

During the periods between the two 
world wars the engineering schools were 
preoceupied with problems arising from 
this process of substitution. There was 
general agreement that more general edu- 
cation was needed. There were border 
fields into which some engineering gradu- 
ates were going, such as management 
and commerce. It seemed to some that 
the engineering curriculum should some- 
how be made to stretch over all this range 
of education—and at the same time the 
length of the programs must not go be- 
yond the traditional four years. 

Some doubted the wisdom of trying to 
make the engineering curriculum serve 
so many objectives in so limited a time. 
It took the urgent demands of World 
War II to bring into focus once again 
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en 








THE YEAR OF 


the fact that the primary function of the 
engineering school is to train engineers, 
and train them well. 

And now, at this mid-century point, it 
Is pertinent 
Just how well are 
ing engineers? Are we training them to 
perform a certain list ot skills, or are 
we educating them in the fundamentals 
of a profession and inspiring them to 
ward further — self-development after 
“commencement”? Just how thoroughly 
and extensively are we giving them these 
fundamentals; and in the light of scien 
tific advances are we giving them all they 
will need twenty-five years after they 
Have the technical needs ot 
industry and the profession advanced and 
will they further advance during the next 


to ask some questions of 


ourselves. we prepar 


leave us? 


EVALUATION 


quarter century? Shall we be. satistied 
with a curriculum that was largely erystal 
lized forty or more years ago, and i so, 
Should we 


how can we make it serve? 


look to selentists to enter 


the protession, 


to provide dvnamie and adequate 
vrowth ? 

We have but one duty: to serve the 
student so well that he will not be foun 


upon by his pro 
Are we 


wanting when ealled 


fession or his country. pertorn 
ing this duty to our complete satistaetion ? 

| propose that we devote a major por 
tion of our time during this year to 
searching inquiry into these and other 
questions in the hope that as a Society 
we shall further advance our profession, 
in the interest of the 


progress ot the 


students we serve. 


In the News 
New Issue of ECPD Guidance Manual Published 


A guidance manual intended for engi 
neers who are aiding young men inter 
ested in the engineering profession was 
recently published by the Engineers’ 
Council for Professional Development, 
33 W. 39th St., New York, N. Y. The 
15-page pamphlet, prepared by — the 
ECPD Guidance Committee, urges mem- 
bers of local engineering societies and 
sections and chapters of national engi 
neering establish guidance 
committees to aid high school pupils to 
determine whether they are qualified for 
careers in 


societies to 


engineering. The present 


critical engineering manpower shortage 


emphasizes the need for guidance of the 
tvpe indicated in this) manual The 
manual explains briefly how to organize 
advisory committees and how to. select 
committee members. The manual con 
tains suggestions for working with hig! 
schools and secondary schools students 
and lists aids especially useful in coun 
seling high school boys. The guidance 
manual is supplemented by an appendix, 
“Shall I Study Engineering?” 


a questionnaire to be filled out by the 


which Is 


eng inee! who Is 


student tor use of the 


advising him. 











Is Less Than Graduation Worth While2* 


By CLEMENT J. FREUND 


Dean, College of Engineering, University of Detroit 


‘* Well, good-bye, my boy. It’s too bad it 
turned out this way. But pick up your 
courage; you have been working hard, and 
hard work will get you there, one way or 
another. Make a new start and your luck 
ought to be better. And best wishes, where- 
ever you go and whatever you try.’’ 


There can hardly be a faculty man in 
the room who has not time and again 
gone through the painful business of 
shaking hands with a student who is 
quitting college. Perhaps the study of 
engineering has been the student’s ab- 
sorbing ambition ever since he was a 
small boy. Possibly his parents have 
spent their lives hoping, planning and 
working “to get him through” the ceol- 
lege of engineering. He is sure to be a 
pathetic if not a tragie figure. 

We engineers and engineering educa- 
tors have always been concerned about 
the student who “drops out” or is “kicked 
out.” The Report of Investigation of 
Engineering Education deplored the 
plight 
‘fof the eighteen-year-old boy just emerg- 
ing with his fondest dreams dashed to 
pieces, after his first disastrous experience 
with the elimination machine. .. .’’1 


And the Engineers’ Council for Profes- 
sional Development, in the Fifth Annual 
Report, insists that 


‘*moral and psychological effects of failure 
are serious and real. The sense of defeat 
is a handicap at a critical period in the 


life of youth struggling for a foothold.’’ 2 


* Presented before the ECAC at the An- 
nual Meeting of the ASEE, Lansing, Michi- 
gan, June 28, 1951. 

1 Society for the Promotion of Engineer- 





ing Edueation, I, 208. 
* (October, 1937) p. 11. 


Terminal Character of Faculty Concern 


But if we take a good look at our con 
cern for the student who is dropping out, 
we have to admit that it has what might 
be called a terminal quality. We are 
genuinely sorry because he will not grad- 
uate, but we quickly wash our hands of 
him the moment he departs. True, we 
are logical enough; it is our job to teach 
engineering students, and we can’t teach 
them after they have gone. But our very 
logie puts to shame the boy who does not 
graduate, and marks him as a second- 
rater. Anybody who has doubts in the 
matter need only listen to the embar- 
rassed, frantic apologies of the lad who 
has dropped out; or of his parents. 

Furthermore, because the engineering 
curriculum of four or five years is an 
integral unit, we make it appear to the 
student, his parents and the public, that 
it has to be all or none, and that if he 
gives up after two or three years, he has 
utterly wasted so may years of his pre- 
cious young life. 

On the face of it, does not all of this 
seem wrong? Can anyone seriously con- 
tend that the student gains nothing what- 
ever from learning, or trying to learn, 
the subject matters of even the fresh- 
man year, and from exercising the dil 
gence, patience and determination which 
the learning process requires? Surely, 
the engineering student does not acquire 
all the values of a college education dur- 
ing the commencement exercises, as if in 
a package with his diploma; he absorbs 
them gradually as he goes along. 

Besides, is it not altogether possible 
that there are students who should not go 
on to graduate? For all we know, two 
or three years of study may be more 
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IS LESS THAN GRADUATION WORTH WHILE? yg 


profitable and appropriate to their tem 
peraments, talents, plans and career ob 
jectives. Indeed, I am _ personally ac 
quainted with a number of gifted and 
highly men completed 
only two years of the engineering cur 
riculum, and never did intend to com 
plete more. 


successful who 


Faculty Interest 


The Engineering faculty in the Uni- 
versity of Detroit has been much inter- 
ested in all these conjectures—and con 
jectures are all that they have been. 
Some months ago we determined to find 
out, if we could, from non-graduating 


former students (hereafter called “for- 
mer students”) just what they think 
about the fragmentary education they 


have had. We mailed a carefully worded 
letter and a report form to approxi- 
mately one in ten former students, 
selected at random from those who have 
left the University since 1930. The re- 
port form was really a questionnaire, 
but the word is in such evil repute that 
we used a different term. 

We distributed 986 report forms, and 
146 were returned undelivered. Hence, 
840 former students presumably received 
the forms. 226 of these 840, or 29.6 per 
cent, filled out the reports and sent them 
back to us. 

Questions 

We proposed to ourselves a number of 
questions which bear on the problem of 
former students. These questions follow, 
together with data which the former stu- 

TABLE 1 


STUDENTS. PER 
YEARS OF 


ALL REPORTING FORMER 
CENTAGE DISTRIBUTION BY 
CURRICULAR COMPLETED 


Completed one year 22.5% 

Completed two years 47.8 

Completed three years 18.6 

Completed four years 8.4 
9 9 


Completed five years 2.2 
(Five year curricula 
in University of Detroit) 

Completed more than five years 0.5 


~ 


dents suppled in answer to each, and 
brief comment where comment appeared 
to be called for. 

How MANY YEARS OF THE CURRICULUM 
DID THE FORMER COMPLETE ? 


(Table 1) 


STUDENTS 


Dip THE FORMER STUDENTS LEARN 
ENOUGH IN THE UNIVERSITY TO MAKE 
THEIR STUDIES, TIME, AND TUITION AND 


FEE PAYMENTS WORTH WHILE? (Table 2) 
TABLE 2 

ALL REPORTING FORMER STUDENTS. PER 
CENTAGE DISTRIBUTION BY OPINION CON 
CERNING VALUE OF STUDIES 

Studies worth while 77.4% 

Studies not worth while 17.3 

No answer 5.3 


This is obviously the very core of the 
What we really want to 
if college studies did the 
former students any good (they could 
hardly harm them), but whether they 
would spend the time and the money if 
they had it to do over again. 

These former students do not support 
the more or less common opinion among 
both teachers and students that those 
who fail of graduation have wasted all 
the months and years they spent in 
college. 

HAVE THEIR COLLEGE STUDIES BEEN OF 
USE TO THE FORMER STUDENTS IN THEIR 
PRESENT EMPLOYMENTS? (Table 3) 


discussion. 
know is not 


TABLE 3 


ALL REPORTING FORMER STUDENTS. PER 


CENTAGE DISTRIBUTION BY OPINION CON 
CERNING VALUE OF STUDIES IN EMPLOY 
MENT 
Studies useful in employment 80% 
Studies not useful in employment 16 
No answer 4 
We looked for this kind of result 


Preparation for employment is, of course, 
one of the principal objectives of engi 
neering education, and it should be no 
surprise to find that the majority of the 
students profited ‘in their 


former have 
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jobs from even a portion of the eur- 
riculum. 

IN WHAT KIND OF WORK’ ARE THOSE 
FORMER STUDENTS ENGAGED WHO. RE- 
PORTED THAT THEIR COLLEGE STUDIES HAVE 
BEEN OF USE IN THEIR PRESENT EMPLOY- 
MENTS? (Table 4) 

TABLE 4 
FORMER STUDENTS WHOSE Stupies ARE 


USEFUL IN EMPLOYMENT. PERCENTAGE 
DISTRIBUTION BY KIND OF WoRK 


Engineering or technical, such 
as testil 


g, estimating, heat 
treating, surveying, ete. 44% 
Manufacturing or construction, 
such as production, contracting, 
maintenance, operating, inspection, 
time study, ete. 18 
susiness or commercial, such as 
bookkeeping, selling, advertising, 


banking, financing, ete. 20 
Armed forces 5 
Employment other than preceding 3] 
Unemployed 4 


These data should raise questions in 
the minds of those of us who tell the 
student who is going to quit that he ought 
to stay out of technical and industrial 
occupations, and should “try banking or 
journalism or something.” 

WHAT PERCENTAGE OF ALL FORMER STU- 
DENTS ENGAGED IN EACH KIND OF WORK 
HAVE FOUND THEIR COLLEGE STUDIES OF 
USE IN THEIR EMPLOYMENTS? (Table 5) 


TABLE 5 
ALL REPORTING FORMER STUDENTS. PER 
CENTAGE IN EacH KIND oF WorK WuHo 
REPORTED StTuDIES oF USE IN THEIR 
EMPLOYMENTS 


Engineering or technical, such 
as testing, estimating, heat 
treating, surveying, ete. 99% 
Manufacturing or construction, 
such as production, contracting, 
maintenance, operating, inspection, 
time study, ete. 89 
Business or commercial, such as 
bookkeeping, selling, advertising, 
banking, financing, ete. 71 
Armed forces 75 
Employment other than preceding 64 


JATION WORTH WHILE 


It is noteworthy that former students 
consider their studies more or less use 
ful according as technology is relatively 
more or less important in the kind ot 
work they are doing. 

IS THE VALUE OF COLLEGE STUDIES IN 
THEIR EMPLOYMENTS AFFECTED BY THE 
NUMBER OF YEARS OF THE CURRICULUM 
THE FORMER STUDENTS COMPLETED? 
(Table 6) 

TABLE 6 
ALL REPORTING FORMER STUDENTS BY 

YEARS OF THE CURRICULUM COMPLETED. 

PERCENTAGE COMPLETING EaAacH YEAR 

Wtto REPORTED STUDIES OF USE IN THEIR 

KMPLOY MENTS 


Completed one year 69% 
Completed two years 84 
Completed three years 8] 
Completed four years 8 


(Five year curricula 
in University of Detroit) 


This is exactly what one would expect; 
studies are useful in employment ap- 
proximately in proportion to the length 
of time spent in college. The logical 
inference, of course, is that it is better 
for the student to graduate than not to, 
as far as his job is concerned. But the 
issue here is whether less than graduation 
is of any value at all. 

JUST HOW HAVE COLLEGE STUDIES BEEN 
OF USE TO FORMER STUDENTS IN THEIR 
EMPLOYMENTS? (Table 7) 


TABLE 7 
FORMER STUDENTS WHOSE STUDIES ARE 
USEFUL IN EMPLOYMENT. PERCENTAGI 
oF ToTAL REPORTING How Srupies Havi 
3EFN OF USE 
Understanding of the principles of 
the physical sciences, mathematics, 


chemistry, physics 71% 
Skill in drafting, computing, 
testing, use of instruments, ete. 58 


Information about techniques, 
organization and practices of 
engineering, manufacturing, con 
struction, ete. 38 

Habits of accuracy and thoroughness, 
method of thinking, creative 


ability, ete. 71 
Other than preceding 28 


IS LESS THAN 


These data were especially pleasing to 
our faculty. 
and favorite purposes, these have been to 
impart comprehension of scientific prin 
ciples and good work habits to the stu 


If we have had any special 


dents, and the former students report 
that it is these purposes which we have 
most successfully accomplished. 

HAVE THE FORMER STUDENTS BEEN 
HELD BACK IN THEIR EMPLOYMENTS BE 
CAUSE THEY HAVE NO COLLEGE DEGREE? 
(Table 8) 

TABLE 8 
ALL REPORTING FORMER STUDENTS PER 
CENTAGE DISTRIBUTION ACCORDING TO 


HANDICAP IN EMPLOYMENT BY LACK OF 


DEGREE 
Held back by lack of degree 24.8% 
Not held back by lack of degree 
No answer 6.6 

This result seems to make it cleat 
most of the former 


grets 


students have no re 
whatever about not graduating, at 
least as far as their jobs are concerned 
And if they were to start their lives over 
again they 


would doubtless again leave 


college before earning their degrees. 
Have YEARS CHANGING 


CONDITIONS ANY EFFECT UPON 


PASSING 
HAD 
USEFULNESS OF 


AND 
THE 
THI 


FORMER STUDENTS 


COLLEGE 
EMPLOYMENTS © 01 
(Table 9) 


STUDIES IN 


TABLE 9 


ALL REPORTING FORMER STUDENTS BY CAl 


ENDAR YEARS IN WuHiIcH THEY LEFT THI 
UNIVERSITY. PERCENTAGE LEAVING Facu 
YEAR WuHo ReporTED STUDIES OF USE IN 


THEIR EMPLOYMENTS 


Those leaving in 1950 749 
Those leaving in 1949 74 
Those leaving in 1948 78 
Those leaving in 1947 RS 
Those leaving in 1943 71 
Those leaving in 1942 83 
Those leaving in 1941 82 
Those leaving in 1932 8] 
Those leaving in 193] 100 


sight it that the 


At first 
pereentage of 


Navy appeal 


former students who pro 


GRADUATION WORTH 


WHILE? 7) 


tit fron. studies in their employments is 
decreasing trom vear to veat lLlowever, 
100 per cent in 1931 may easily be some 
kind of 


to be no significant 


“wild point,” and there appears 


since ther 


trend 


Only those vears were tabulated dur 


ing whieh more than ten students have 


left the University. 
So much for the value of eollege stud) 
to former students in their jobs. 


Humanistic-Social Value of Studies 


To prepare students for employment 


Is an 


Important, but by no means. the 


only objective of engineering instruction 
The engineering student 


mucn 


undergraduate 


acquire besides speeihe 


skills. He 


eall a “humanistic 


technical competences and 


should obtain what we 


social” edueation to round him out as 
man and a citizen. 
President Harvey Davis, Dean A. A 


Potter, and doubtless others, have 


so far as to insist to us again and agan 


that an undergraduate engineering edu 


cation is altogether appropriate, in 


machine and industrial age, even for the 
American who kas no. int 


young 


whatever of becoming an engineer 


We proposed a number of questions i 
order to aseertain if and how their col 
eve studies have heen useful in the 


humanistie-social growth and 


develop 
ment of our former students. These ques 


tions follow, together with report data 


from the former students in answer to 
the questions, and our pwn remarks 
HAVE THEIR COLLEG! 
USE TO THE 
HUMANISTIC-SOCIAL DEVELOPMES 


ble 10) 


STUDIES BEEN. oO} 
FORMER 


STUDENTS IN 


r ? Ta 


‘HEIR 


FABLE 10 


{LL REPORTING FORMER Strup R 
CENTAGE DISTRIBUTION By OPINION CON 
CERNING HUMANISTIC-SOCIA VA OF 
STUDIES 

Studies of humanistic-soecial value R4 

Studies of no humanistic-social ! 14.2 

No answer 1.8 
Most people who think about the at 


ter at all are probably of the opinior 











Io IS LESS THAN GRADUATION WORTH WHILE? 


that to prepare for employment is the 
principal aim of engineering education, 
and that the humanistic-social aim is 
secondary. These former students seem 
to think differently. 84 per cent of them 
asserted that their college studies have 
been of humanistic-social value to them, 
while only 80 per cent (Table 3) found 
their studies of use in their employments. 

Is THE HUMANISTIC-SOCIAL VALUE OF 
COLLEGE STUDIES AFFECTED BY THE NUM- 
BER OF YEARS OF THE CURRICULUM THE 


FORMER STUDENTS COMPLETED? (Table 
11) 

TABLE 11 
ALL REPORTING FORMER STUDENTS BY 


YEARS OF THE CURRICULUM COMPLETED. 
PERCENTAGE COMPLETING EacH YEAR 
Wuo REPORTED STUDIES OF HUMANISTIC- 
SoctlaL VALUE 


Completed one yea! 78% 
Completed two years 85 
Completed three years 8] 
Completed four years 95 


(Five year curricula 
in University of Detroit) 


The former students profited in their 
humanistic-social development approxi- 
mately in proportion to the years they 
spent in the College of Engineering. This 
just about checks with the corresponding 
advantage of college studies in employ- 
ment (Table 6). 

JUST HOW HAVE COLLEGE STUDIES BEEN 
OF USE IN THE HUMANISTIC-SOCIAL DE- 
VELOPMENT OF FORMER STUDENTS? (Ta- 
ble 12) 

TABLE 12 
FoRMER STUDENTS WHOSE StuDIES HAVE 

BEEN VALUABLE IN HUMANISTIC-SOCIAL 

DEVELOPMENT. PERCENTAGE OF TOTAL 

REPORTING How StupiES HAVE BEEN OF 

VALUE 
Understanding of the viewpoints, 

habits and ways of living and 


acting of fellow men 65.7% 
Ability in speaking and writing 63.7 
Understanding of right and wrong 54.2 


aut 


Inderstanding of the problems 

of living together, and of 

social, civil and government 
questions, ete. 48.4 
Interest in and appreciation of 

31.6 
34.8 


literary and artistic productions 
Advantages not listed 


63.7 per cent of the former students 
declared that they had learned how to 
express themselves. This was especially 
gratifying to the faculty because we hear 
so many and such frequent complaints 
that engineers can neither speak nor 
write effectively. 

HAVE THE FORMER STUDENTS BEEN 
HELD BACK IN THEIR HUMANISTIC-SOCIAL 
DEVELOPMENT BY LACK OF A DEGREE? 
(Table 13) 


TABLE 13 


ALL REPORTING FORMER STUDENTS. PER- 
CENTAGE DISTRIBUTION ACCORDING TO 
HANDICAP IN HuUMANISTIC-SOcIAL DEVEL- 
OPMENT BY LACK OF DEGREE 


Held back by lack of degree 6.2% 
Not held back by lack of degree 88.1 
No answer 5.7 


As we might expect, a degree seems to 
be more useful in employment than in 
humanistic-social development. 6.2 per 
cent found themselves retarded in human- 
istie-social development by lack of a de- 
gree, while 24.8 per cent found them- 
selves retarded in employment (Table 8). 

84 per cent of the former students re- 
ported their studies useful in humanistic- 
social development (Table 10), while only 
6.2 per cent of them felt handicapped by 
lack of a degree. It follows that the dif- 
ference of 77.8 per cent, or more than 
three quarters of the students, 
highly prize the schooling they did have, 
but consider it of no consequence that 
they did not graduate. They might 
think otherwise, of course, if they had 
completed the curriculum. 

Does not this information at least sug- 
gest a question: have we perhaps been 
underrating college environment and con- 


former 


tacts as a factor in education, as com- 
pared with the system of courses and ex- 
ercises we ¢all the curriculum? 

HAVE THE YEARS 
CHANGING HAD ANY EFFECT 
UPON THE VALUE OF COLLEGE STUDIES IN 
THE HUMANISTIC-SOCIAL DEVELOPMENT OF 
FORMER STUDENTS? (Table 14) 


PASSING OF AND 


CONDITIONS 


IS LESS THAN GRADI 


TABLE 14 


ALL REPORTING FORMER STUDENTS BY 
CALENDAR YEARS IN WHICH THEY LEFT 
THE UNIVERSITY. PERCENTAGE LEAVING 
Each YEAR WHo REPORTED STUDIES OF 
VALUE IN HUMANISTIC-SOCIAL DEVELOP 


MENT 
Those leaving in 1950 78% 
Those leaving in 1949 8] 
Those leaving in 1948 78 
Those leaving in 1947 9] 
Those leaving in 1943 93 
Those leaving in 1942 89 
Those leaving in 1941 91 
Those leaving in 1932 88 
Those leaving in 1931 85 


As in the case of the advantages of 
college studies in employment (Table 9), 
there appears to be no significant change 
from year to year. 

And again, only those years have been 
tabulated in which more than ten of the 
former students have up their 
studies. 


given 


Over-all Comment 

We obviously could not reach every 
single former student in a survey of this 
kind, but we did want to be sure that we 
had a proper sample. 

The 226-former students who sent in 
their reports are just about 2.26 per cent 
of nearly 10,000 who have quit the Uni- 
versity’s College of Engineering 
1930. They represent vear ex 
cept two since 1930, every branch of 
engineering which is taught in the Uni 
versity and, as indicated, a variety of 
occupations ranging from the highly 
technical to the distinetly non-technieal. 
These 226 presumably represent a cross 
section of former students as to economic 
status, mode of life, viewpoint and tem 
perament. A large percentage of them 
are residents of Detroit or its environ 
ment, a distinetly industrial community. 
There, if anywhere, engineers can live 
the lives and have the experiences which 
are typical of their profession. 

Of the former students we were able to 
reach, 26.9 per cent returned their re- 
ports. This is certainly excellent coop- 


since 


every 


TATION WORTH WHILE? Il 


eration. In fact, such a 
returns from graduates might be alto 
gether satisfactory. The graduate is 
ordinarily more devoted to alma mater; 
the man who finished only a year or two 
can hardly be expected to display extra 
ordinary school loyalty. 

We realize, of course, that the former 
students can do no more than express an 
opinion, and that their opinions are likely 
to be influenced by the mood or feeling 
of the moment. 
sible quantitatively and 
measure the value of 
individual. 

We asked our former students not to 
sign their reports. We assume, though, 
that those former students who have been 
successful in their careers are more dis 
posed to prepare a report of this kind 
than those who have not well. 
Hence, the data submitted to us may be 
rather more favorable than the average; 
and this in spite of the occasional but 
familiar type of critical and 
tented person who seems to enjoy broad- 


percentage of 


It is probably impos 
objectively to 


edueation to the 


done so 


diseon 


casting his complaints. 
We took all these 


account in formulating our conclusions. 


considerations into 


Conclusions 


We believe that the data warrant our 
coneluding as follows: 

a) A considerable percentage of non 
rraduating former students of our Col 
lege of Engineering, probably a majority, 
derive benefits from completing a portion 
of the curriculum, both in their em- 
ployments and in their humanistiec-social 
development. The appar- 
ently sufficient to justify the time, efforts 
and funds which the students expend for 
their schooling. 

b) Our faeulty may well be in error 


‘ 


benefits are 


when we advise withdrawing students to 
avoid jobs in engineering and in industry 

ec) We might do well to consider re 
constructing our curricula in such man 
ner that the student shall have completed 
at the close of each successive year, if not 
of each successive semester, an integrated 
system of courses and studies, an ab 
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breviated curriculum with limited objee- 
tives, so to speak, but a reasonably uni- 
fied curriculum nevertheless. 

d) We should very probably take meas- 
ures to revise our traditions, policies, 
attitudes and procedures in order that 
we shall in no way reflect upon the stu- 
dent who is unable to graduate for one 
reason or another. 

We propose these conclusions with 
some trepidation. We fear that we may 
incur the wrath of those—and we recog- 
nize their number and their importance 

who are opposed to the doing or the 
saying of anything which might in any 
way weaken the determination of  stu- 
dents to persevere to graduation. 

We don’t pretend that these are new 
In fact, for 
Purdue University has granted 
to those students who 
the University without graduating. As 
deseribed by Dr. F. C. Hoeckema, Vice 
President, the certificate is like a diploma 
in general appearance, it bears the signa 
ture of the Registrar and the seal of the 
University, and declares that the recipi 
ent “was enrolled as a student from... 


ideas or proposals. some 
vears 


certificates leave 


to and suecessfully completed the 
courses listed herewith.” On the back 
of the certificate is entered a sehedule, 


in the manner of a transcript, of those 
which the student has 
fully completed. Courses which he failed 
or did not complete, if any, are omitted. 
Officers of the University believe that the 
certificate should very much improve the 
standing in his community of the young 
man who did not or could not remain to 


courses suecess- 


earn a degree. 
And as long ago as 1930, the Report 
of Investigation of Engineering Eduea 


tion suggested that 
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‘*much may be done to steady the student 
and to draw out his best efforts if, in the 
face of impending voluntary  self-elimina 
This 
goal might be set up in the form of certifi 
cations of the work done at the end of each 
and the 
Associateships in engineering might 
properly be issued at the completion of the 
first two years’ work.’’ 3 


tion, some nearer goal were visible. 


stage formal admissions to next 


stage. 


While 


not new, they appear to be materially 


these ideas and proposals are 


strengthened and supported by the opin 


ions of the 226 former students who 
participated in this project. 
We undertook this investigation in 


order to discover how instruction, courses 
and curricula might better serve the non- 
graduating student. But we suspect that 
much of the information may be utilized, 
likewise, for improving our teaching ol 
those students who do graduate. 
‘All of have thinking 
what happens to the non-graduating stu 


vou been about 


dents who leave your institutions. We 
venture to hope that this statement ot 
ours may arouse sufficient interest and 


curiosity that some of you may under 
take similar investigations among vour 
non-graduating former students. If any 


of vou do, we shall be very grateful if 


vou will let us see the results you obtain. 


NOTE: 
students 


Report forms returned by former 
contain a variety of information. 


Readers may inquire about combinations 
and relations of this information other thar 
those which appear in the tables. For thi: 
purpose, the report forms will be preserve: 
three months following the date of this pub 


lication. 


Society for the Promotion of Engineers 
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Engineering Education—A Bridge Between 


Ignorance and Understanding * 


By F. M. 


Preside nt, {SEF 9 1OW 


Dean of 


The American Society for Engineering 
Education has always been extremely 
active in furthering the interests of Engi 
neers in their profession. It has heen 
wise and courageous also in stressing the 
educational side of its twofold duty of 
training and at the same time edueating 
our clientele, the students. Primarily, we 
are a society of edueators with a special 


job of developing, as best we may, embryo 


engineers. Young men and women come 
to our schools and colleges directly from 
high school at about the age of seventeen 
We would like to do more for them than 
we usually are able to do as teaching is 
limited to 144 to 156 weeks in the aver 
age four vear course. Before going any 
further, let me point out that 144 weeks 
is not a long time and that all must make 
the utmost use of their talents if th 
job is to be accomplished in such a short 
time. Several colleges have found it nee 
essary to extend the time of formal train 
ing to five academie vears, others to four 
and one-half or four vears and summe 
sessions or camps. Those operating on 
the cooperative plan of Engineering Edu 
cation are likewise limited in time. But 
in any ease, we as Engineering teachers 
had some 184,000 students of all types 
under our charge last year. In almost 
all eases, these students ranked in the 
upper one-half of their high schoo! elass 
and because of student mortality, caused 
by the usual consequence of adjustment 

* Presidential Address, Annual Meeting 
of the ASEE, East Lansing, Michigan, June 
27, 1951. 


DAWSON 


Ena neering, State Universitu of Towa 


to college life and to the rigorous train 
ing of an engineer, we know that less 
than one-half of those who hegan as 
freshmen will be graduated All of 
which means that we had a selected group 
to start with and an even more select 
group at the finish of the formal courses 
for the various degrees. 

Concerning these students, the question 
is always before us, “What are we trying 


we doing it?” 


\n answer to at least part of this ques 


to do and how well ar 


tion will be given vou later this morning 
in the report of our distinguished com 
inittee on the Improvement of Teaching, 
which has been sparked by Dr. L. E 
Girinter. This is one of the major, and 
to me the most significant accomplish 
ment of the Society for the vear 1950 
1951. 

An excellent source of information eon 
cerning our problem and its answers 
came to me unexpectedly. Reeently, | 
reviewed the presidential address printed 
in the proceedings of the ASEE and its 
predecessor the SPEE. If my memory 
had been really good I should not have 
heen, but I was amazed at the excellence 
of these addresses. If anyone wishes to 
do a good turn tor himself and for the 
Society, nothing could be better or more 
helpful to the teaching profession thar 
making a compilation of these talks 
The full text of some fifty-five speeches 
would be too long for a book, but it 
edited, I am sure they would form a tirm 
foundation, particularly for beginning 


teachers. 
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Bridging the Gulf 


In this review one prominent feature 
stood out above all others and it is 
to this that I wish to devote my remarks 
this morning. Many have treated engi- 
neering education as an end in itself, 
giving the impression that if only we 
were well-trained or sufficiently indoctri- 
nated or thoroughly educated all else 
would follow as a matter of course. To 
me this is not so. I believe that educa- 
tion, particularly engineering education, 
is a method or way and not an end in 
itself. It is a means whereby something 
else may be accomplished. 

Education may be likened unto a bridge 
spanning the gulf between ignorance and 
understanding. It is a way, a means of 
transport. It is true that in and of it- 
self it is a material structure, but its 
main purpose is to be a support for a 
highway or a railway, in other words, a 
means of conveyance. 

Imagine a canyon deep and wide. On 
one side is ignorance, dark and dismal 
and full of superstitions and fears. On 
the other side of the canyon is under- 
standing, which includes knowledge, free- 
dom to think and an absence of these ter- 
rible restraints on thoughts, such as the 
fear of ridicule, the fear of fear itself. 
Understanding gives a chance for the 
brilliant light of opportunity to show 
the way to better living, better mental 
health and freedom of religion guaran- 
teed to all. ; 

It is possible for a man to cross the 
chasm by climbing down one side, going 
across the treacherous rocks at the bot- 
tom and laboriously climbing up the other 
side. This is the way it was done of old 
each had to find his on way down, across 
and up again. Then someone threw a 
rope across and we had a rope bridge on 
which a few only could cross at a time. 
These few had to be hardy souls who 
braved the flimsy swaying span. Later, 
stronger and better bridges were built 
and they served their purpose of furnish- 
ing a way or method of progressing from 
ignorance to understanding. Many could 


now eross whereas before only individ- 
uals could go. 

My main thesis, therefore, is that edu- 
cation is something that is a means rather 
than an end. In this respect it is some- 
thing like money. It is valuable when 
properly used and dangerous when mis- 
used. It is necessary and desirable, not 
for itself, but the use to which it may be 
put. Money, at least present day money, 
is a medium of exchange enabling the 
possessor to transfer from one to another 
certain rights to things. Now edutation 
is to be desired, not for itself, but for the 
use to which it may be put. It is a 
medium of exchange giving to its pos- 
sessor the ability to have for himself and 
others the wisdom of the past and a 
knowledge of science with its many ap- 
plications. Unlike money, however, once 
possessed, it cannot be stolen or devalu- 
ated, but it may be misapplied just as 
money may be foolishly wasted. 

True engineering education must look 
beyond the problem of teaching subject 
matter. This is partly because most stu- 
dents must be shown the way from one 
side of the canyon to the other. Mathe- 
matical formulas and the physical laws of 
the universe are not enough. The intan- 
gibles of education, such as_ personal 
characteristies, must be included. It is 
our job to do what we can to go beyond 
the usual and ineuleate those features so 
ably described by the late President 
Wickenden in his article entitled “The 
Second Mile.” For those who are not 
familiar with this article, I recommend it 
to you. 

A recent article in the New York Times 
(Margaret B. Pickel, June 3rd, 1951) has 
the somewhat startling headline “Edu- 
‘ation is the Teacher’s Job” with the sub- 
title “The trouble is there are so many 
‘experts’ trying to share it, that they 
ignore the true expert in the field, the 
educator.” For many years we have been 
asking men from industry, from business, 
from almost every walk of life what 
should we do to save our youth from all 
types of trouble, most of it imaginary. 
As a result, I agree with the article in the 
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Times, “and surely it must shake the lay- 
man’s confidence in education to be con- 
stantly asked for advice about it. Imag 
ine the waiting roer. of a doctor on the 
look-out for surgical suggestions, yet 
teachers are increasingly taking counsel 
from outsiders. They ask a panel of 
business men what they think is the most 
important part of an education and the 
business men decide that it is good per- 
sonal attitudes and work habits, enthu 
siasm for work, neatness, good manners, 
tact and punctuality, listing these traits 
ahead of the basie skills.” Have we for- 
gotten that the traits listed are the by 
products of a disciplined education and 
that every teacher worth his pay must 
consider these in his work. If he does 
not, then he should leave teaching be- 
cause the ineuleating of these qualities 
should be the main purpose of our pro- 
fession. I believe that by diligent work 
this can be accomplished without sacrifie- 
ing any content. If some of the “talk- 
type of training” which requires little 
thought and less preparation were 
omitted we would have plenty of time for 
real training. But it would be hard work 
for the teacher and frequently harder 
still to defend it from the purely utili 
tarian and repetitious get-it-quick meth 
ods long advocated by some men who 
ought to know better. 

Lest you think that I am advocating 
that we as teachers should not pay atten 
tion to what our friends in industry and 
business say, let me enlarge a little by 
paying personal tribute to the several 
excellent surveys made by committees 
of this Society, as well as those made 
by other organizations, using properly 
phrased questionnaires and studies of 
opinion. These are necessary and have 
proved their value. But they must be well 
conceived, thoroughly organized and fol- 
lowed up or the results may be worse 
than if they had not been undertaken. 
Following the consensus of a good sur 
vey is something quite different from 
being swayed by the opinions of every 
man who happens to be a loud-talker, 
without the inhibitions of real knowledge 
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ot the subject, and who delights in char- 
acter assassination by innuendo. For ex 
ample, I know of one school where a fun 
damental course of study was altered to 
suit the whims of a local 
ot candy. 


manufacturer 


Developme nt of Excellence 


Think again of education as a way or 
a bridge across a wide and deep valley, 
a means whereby something of value is 
reached leaving ignorance behind. Does 
this simile mean anything to you? Is 
the way clear and bright? Every bridge 
has structural members, each a part of 
the bridge itself and each necessary for 
its structural unity. As an example of 
the unity required, I wish to quote from 
President V. M. Hancher of the State 
University of Iowa in his charge to the 
candidates at weeks 


ago. 


commencement two 

“Education has many tasks and many 
ends, one is that education in mid 
Twentieth Century America should he 
the development of excellence among all 
our people.” 

“The development of excellence implies 
respect for the best. The development of 
democracy implies respect for the ma- 
jority. How can 
Twentieth Century 
two masters? 


mid 
recognize 
Upon what prineiple or 
principles can we reconcile the superior 
ity of excellence on the one hand with 
the consent of the majority on the 
other?” 

“Now the tasks or functions of edu 
cational institutions are appropriate tasks 
in a democratic society attempting to es 
tablish economie independence and achieve 
social unity and cohesion. But, by stress 
ing conformity, by substituting the judg 
ment of the crowd for the judgment of 
the individual mind and conscience, they 
tend constantly toward mediocrity.” 

“Conformity is understandable, it is 
comfortable, it is easy. Usually it rep 
resents the There is nothing 
about it that stands out from the crowd. 
It possesses no sharp edges. It does not 
invite strange new thoughts, strange new 


education in 
America 


average. 
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modes of conduct, or strange new pat- 
terns of life for the individual. It does 
not welcome eccentricity. It admires 
gregariousness, the eurrent cliche, the 
predictable reaction.” 

“Democracy, based as it is on respect 
for human personality and dedicated to 
the preservation and sanctity of the in- 
dividual, ean easily degenerate into senti- 
mental equalitariansm. This is equality 
run riot. Starting with the principle 
that all men are created free and equal 
in the sight of God and before the law, 
with the foolish notion that all 
identical in their gifts and 
powers. We begin with the dignity of 
the individual and we end with the theory 
of the interchangeable man. We end 
with the theory that men, resembling 
parts of an automobile or of a television 
set, are equally useful and competent in 
all the positions in society in which they 
may be placed, just as inanimate metal. 
lie bearings may be shifted from one ma- 
chine to without effi- 
ciency or precision.” 

‘But men are not machines and there 
is no such thing as the interchangeable 
man. In our reflective moments 
we all recognize that the two most strik- 
ing characteristics of human beings are 
the vast their similarities on 
the one hand and the vast range of their 
differences on the other.” 

“The fundamental problem of a demo- 


we end 
men are 


another loss or 


more 


range of 


eratie society is‘ the reconcilation of re- 
spect for personality on the one hand 
with respect for excellence on the other, 
the reconcilation of the rule of the ma- 
jority with toleranee for individual de- 
partures from the majority, the recon- 
ciliation of the will and the beliefs of 
the many with the excellence of the few. 
Democracy must be on guard against the 
prestige of the composite man—the apoth- 
eosis of the average—the man whose be- 
liefs and ideas are a composite of all the 
beliefs and ideas that he has ever heard, 
without form or logic and without ar- 
rangement or consistency. For a hun- 
dred and seventy-five years, we have pos- 
sessed so many blessings that we have 


scarcely needed to stress the importance 
of excellence. But now we stand in a 
new day. Those who oppose our way of 
life, and their satellite 
number us many times. On a man power 
basis, we face inevitable defeat in any 
armed conflict. Our hope lies not in 
numbers but in excellence. Therefore, the 
quality of excellence must be our first 
concern.” 

“Tt carries with it a fundamental hon 
estv. When we have inculeated in the 
members of our society the goal of excel 
lence, we shall have achieved an essential 
integrity which will make every man his 
own unkindest eritie.” 

“These are the attributes of excellence 

-clarity of perception, persistence, self- 
reliance, ease and grace—the attributes of 
that excellence which we need so much in 
these difficult times. 
oneile the attainment of 
respect for the average? Is 
ground upon which the two can meet? 
Must excellence be ever scornful of medi- 
ocrity? Must mediocrity always be sus 
picious of excellence? How ean 
two—the insights of the superior and the 
consent of the majority—he reconeiled to 
with a and better 


nations, out 


How are we to ree- 
excellence with 
there any 


these 


provide us richer 


society "7 

“The reconciliation seems to eall for a 
twofold interpretation of democracy. On 
the one hand democraey must inculeate 
in every member of society that quality 
of excellence which requires him to work 
at the highest level of his capacity. On 
the other hand, democracy must inculeate 
respect for every member of society who, 
driven by the desire for excellence, works 
at the highest level of his capacity. In 
such a society every member would be 
useful and every member would be re 
spected. Such a society would be truly 
democratic. 
this mid-Twentieth Century.” 

“Tt was trulv said by Bernard of 
Chartres that ‘we are dwarfs standing on 
the shoulders of giants.’ We humans, 


Such a society is needed at 


alone in the anima! world, possess history, 
a kind of eumulative memory, whereby 
we are able to build on the foundations 
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which others have laid before us. By this 
device we are able to have at our com 
mand all the past. 
Through this device we have universities 
and colleges, hospitals and schools, vast 
foundations and corporations, the prin- 
ciples of representative and of Federal 
government and the great concepts of 
Justice, Freedom, Liberty and Dignity of 
Man, which are basic to our civilization.” 

I have quoted at length from the ad- 
dress of Dr. Hancher because it fitted per- 
feetly into what I had already written 
hefore he gave his charge to the candi- 


inventions of 


ages 


dates. Now to return to my own wording. 


Intelligence and Character 


Many have labored on the bridge an 
as a result many things have come to us 
because of the 


excellence of the past. 


They are our heritage. They come to us 
without cost and without price. Our fore- 
fathers paid for this inheritance. But 
this places us under a greater obligation 

an obligation that we in turn will make 
excellence our goal, in order that the 
rich heritage of the past may be made 
even richer for the future. The only way 
in which we can pay our debt to those 
who preceded us is by making a better 
bridge for those who falter by the way 
side. 

If the foundation of our bridge of edu- 
cation is character what about the other 
parts of the structure which are equally 
necessary to carry the load of all who 
wish to cross from ignorance to under- 


You will want a copy of ... 
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standing? I would first put intelligence 
as the main member, reliability is another 
and so we could go through the list of de 
attributes of the educated 
such as tolerance and justice and knowl 
edge of the world and of the individual, 
which must be contrasted with the treat- 
ment of man as a unit of the state and 
no value except as he conforms to the 
wishes of the state. 


sirable man 


In conelusion, let me point out that the 
bridge permits going both forward and 
backward. We must be ever on the alert 
to see which way our students are likely to 
zo. Mere mental exercise is not enough; 
just as a man walking back and forth 
on the bridge will not get him to the 
other intellectual dilettantism 
will not produce results. 


side, sO 


Our way, our method, our medium for 
progress requires a strong structure t 
stand the strains of the multitude who 
wish to cross, affected as they will be by 
the winds of adversity and the frosts of 
an inhospitable world; a bridge on a firm 
foundation, constructed with rood mate 
rials, all welded together by selence and 


technology, tempered with human 





ness and love will enable us as teachers to 
be of value to our students. That is what 
is expected of us as men and women dedi 
cated to a most 


challenging profession, 


namely that of being teachers of Engi 
neering. Education is a way, a method 
of achieving certain desirable goals. May 


the whole structure show excellent cratt 
manship. May our Society be ever alive 
to its responsibilities. 
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Lustre or Glitter? * 


By JOHN 


A. 


HANNAH 


President, Michigan State College 


It is heartening to a college adminis- 
trator to realize that such a Society as 
this exists and has a history of robust 
action. Engineers are generally consid- 
ered to have extraordinary pride of pro- 
That they should have pride in 
the teaching of engineering sets them 
somewhat apart from some other groups 
I could name. They are distinctive, too, 
in that they are keenly interested in the 
commercial practice of their profession, 
and wide awake to all the governmental 
and social changes affecting engineers 
and engineering. You are to be congratu- 
lated upon your alertness and serious 
purpose; I sincerely hope you never lose 
your enthusiasm, for that enthusiasm is 
in a large measure responsible for the 
steady advancement American engineer- 
ing has made in the comparatively brief 
period of its existence as a recognized 
profession, and for the high standards 
of engineering education in the United 
States. 

It may not be news to many of you 
that Michigan State College was the fore- 
runner of the land-grant colleges and uni- 
versities of America with which so many 
of you are associated. Nearly a century 
ago there was established here on this 
campus the first college in the world in 
which agricultural subjects were taught 
for college credit. The old Michigan 
Agricultural College was the result of 
years of agitation on the part of those 
who were not content that higher educa- 
tion should be reserved for the sons of 
the rich and well-born, and who insisted 


fession. 


* Presented at the General Session of the 
ASEE at the 59th Annual Meeting, East 
Lansing, Michigan, June 27, 1951. 
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that the promised benefits of scientific 
discoveries should be available for the 
solution of the troublesome problems of 
agriculture on the frontier. 


Fore-runner of the Morrill Act 


This pioneer college, having a revolu- 
tionary philosophy that the problems of 
living people were fit subjects for study 
by the best minds in a university, was 
established in 1855, ninety-six years ago. 
Within seven years, this revolutionary 
notion had made such headway that Con- 
gress passed the historic Morrill Act, 
creating the unique system of higher edu- 
eation known as the land-grant college 
system. 

It is to the credit of those who were 
concerned with the industrial develop- 
ment of the United States that when 
President Lincoln signed the Morrill Act, 
it contained the mandatory provision that 
in addition to agriculture, the mechanic 
arts (what we now eall engineering) 
should be taught in the new land-grand 
colleges, along with military tactics and 
subjects deemed desirable for the liberal 
and practical education of the industrial 
classes in the several pursuits and pro- 
fessions of life. 

The passage of the Morrill Act creat- 
ing the land-grant college system was 
one of the major contributions of 
America to the development of higher 
education. The freeing of higher educa- 
tion from its traditional bonds of the 
classical curricula, the reversal of edu- 
cational interest from the dead past to 
things of the present and future, and the 
opening of the door of educational op 
portunity at the highest level to the sons 
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and daughters of all of the people instead 
of only the families of the rich or well- 
to-do are responsible to a great degree 
for the tremendous material progress this 
nation has made in the last 80 years. 

I doubt that Senator Morrill, or even 
wise Abraham Lincoln, properly evalu- 
ated the creative forces they were un- 


leashing. They were highly optimistic, 
of course, but it is to be doubted that 
even they could have understood how 


greatly they had wrought in placing the 
tools of creation and production in the 
hands of the common people, and train- 
ing them in their use. They made pos 
sible the multiplication of native skills 
and aptitudes a thousand times, and made 
possible those miracles of agricultural 
and industrial production with which we 
amaze and dumbfound the rest of the 
world as a matter of routine. 


Frankenstein Attributes of the 
Machine Age 


Even in that era, many were impressed 
by the possibilities of the machine, and 
considered that they had come far along 
the road to the ultimate in discovery. 
For example, we find Emerson saying: 


‘*Armed with his machinery man can dive, 
ean fly, can see atoms like a gnat; he 
can peer into Uranus with his telescope, or 
knock with his fists of gun 
powder. re 


down cities 


How astounded he would be if he 
could see the machines man has 
built to do his bidding—and possibly, to 
accomplish his own destruction. 

But perhaps Emerson would not be too 
astonished, after all, for he said this, too: 
“Things are in the saddle and ride man- 
kind.” Perhaps he would not be sur- 
prised to find mankind cowering in fear 
before the threat of the greatest machines 
of all, the products of rare inventive 
genius and great 
verted to an unholy purpose—the 
suicide of mankind. 

The metaphor of Frankenstein’s mon- 
ster has been overworked in discussions 
of the plight of mankind in the Age of 


since 


productive skill, per 
mass 
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the Machine, but it has validity in em 
phasizing that man is in danger of de 
struction beneath the wheels or in the 
disintegrating flash of his own creations. 

The error in our thinking is in at 
tributing to the Machine all the attributes 
of human beings or of God himself—the 
ability to choose between good and evil, 
to create, to destroy, to accomplish mira- 
We have failed to understand that 
in and of themselves, machines are ut- 
terly without value. By themselves, they 
ean accomplish absolutely nothing. They 
are still subject to the will of man, and 
reflect in their accomplishments only the 
good or evil purposes of the men who 
operate them. 

A great many people in our country 
have failed to understand this important 
point, and as a result too many Ameri 


cles. 


cans have been and still are members 
ot the Cult of the Machine, and wor- 
shipers at its altar. Planes in flight, 


television, radio communication, stream- 
lined trains, electronic 
contrivances, electric scoreboards, motion 
picture films in technicolor—all 
things have excited our admiration, and 
in too many eases, our idolatry. Those 
wondertul, shining gadgets of ours were 
the envy of the world though the roaring 
twenties, even through the great depres 
sion of the thirties, and 
World War IT. Machines ean do any- 
thing, we said to ourselves, and tried to 
glamorize our idols by streamlining them 
and painting them in bright and beauti- 
ful colors. 

The Machine has had to share a place 
with the dollar above the altar of the 
materialistic among us. The Machine, of 
course, is the top-ranking god, for the 
dollar is in a very real sense the product 
of the Machine. But we have placed 
much faith in the dollar to perform tasks 
for us—indeed, sometimes it that 
we believe that anything can be bought 
with money, even peace and the love and 
admiration of all mankind. 

But in recent international 
tensions have persisted after the war that 
was to be the last great war. and as we 


permanent Wave 


these 


most of all in 


seems 


vears, as 
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go on building more magnificant ma 
chines to preserve a precarious margin of 
safety in a world seemingly bent on war, 
we Americans are beginning to wonder 
whether our faith in the Machine and in 
the Dollar has not been misplaced. 


Are we on the Right Track? 


We have achieved the world’s highest 
standard of living; we have put together 
the world’s most stupendous industrial 
system; we have only six per cent of the 
world’s population, and only seven per 
cent of its area, but we aeceount for 
roughly half of its industrial output. We 
have loaned and given away billions ot 
dollars in eash and credit and foodstuffs 
and industrial machinery. We have given 
away still more billions in the form of 
machines of war. 

We have done all this, partly out of 
native generosity and partly out of self 
interest, and what do we have to show 
for it?) We have earned the bitter enmity 
ot a good share of the world, an uneasy 
alliance with a smaller portion, and a 
close alliance with a very small portion. 
But we have not bought, with all of our 
dollars and all of our machines, the peace 
and security which we Americans cherish 
as our greatest ambition. 

It is no wonder that we are beginning 
to question whether we are on the right 
track and beginning to ask whether we 
dare place our faith in machines, and in 
dollars, alone. “That gnawing wonder Is 
to blame for a great deal of the insecurity 
that all Americans teel these days when 
we see our taxes mounting, the cost of 
living mounting, the piles of war sup- 
plies mounting, and no peak in sight for 
any of them. 

It is axiomatic that he who claims the 
credit for a particular plan or process is 
liable for the blame if the plan fails or 
the process goes awry. The unthinking 
folk who loudly sang the praises of the 
scientists for making all our wonderful 
gadgets possible are quick to say the 
same scientists are to blame when they 
find that those gadgets are not all they 


had expected them to be. As engineers, 
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you have had your share of the blame 
trom those whose thinking runs like this: 
If the atom bomb had not been invented 
by men like you, we would not be in this 
trouble today; if you had not developed 
all these wonderful mechanical devices, 
we would not be working ourselves to 
death trying to keep up with this me- 
chanical world. 

The fallaey of such thinking is obvious: 
the inventors and scientists and manu 
facturers and engineers are no more to 
blame for the miseries of the world than 
they were entitled to all of the credit 
when everything was going well. 

Neither are the machines themselves to 
blame—the atom bomb is of no more im 
portance than a grain of sand without 
man to direct its flight to the target and 
to time its detonation. It makes no dif 
ference at all to a mass of fissionable ma 
terial whether its latent power is to be 
used for the generation of industrial 
power or the destruction of an indutrial 
city. The decisions lie in man, the think 
ing animal, not in the inanimate machines 
to which we have falsely aseribed so many 
human attributes. To paraphrase the 
famous words of Shakespeare: “The 
fault is not in our machines, but in our 
selves—all of us.” 

This national malady of insecurity, and 
its causes, have great importance for those 
engaged in edueational pursuits, perhaps 
more than for any other group, for we 
have been largely responsible for the con 
dition. We have had as our task the 
training of the leaders of this country: 
it is we who have encouraged them in a 
materialistie view of life; it is we who 
have countenanced the stripping from the 
scientific curricula of the cultural sub 
jects, and graduated engineers, who, we 
were proud to say, knew engineering and 
little else, biologists who knew biology 
and little else, chemists who knew chem 
istry and little else. Is it any wonden 
that these poor deluded students have not 
known what to do with their technical 
knowledge? 

Who is to blame if they have not been 
trained to estimate the likely conse 
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their actions, and to judge 


quences ol 
their actions from the standpoint of so- 


cial responsibility? How many educators 
have eried out in protest against a sys 
tem that rewarded industrial genius with 
great material gains, and paid a com- 
paratively small pittance to the musi 
cal genius or the great philosopher? 


Is There Hope 4 


If our national feeling of insecurity is 
indeed attributable to a slackening na- 
tional faith in material things, then I see 
great hope for America. Perhaps the 
American people will come in time to re 
spect and honor—and reward 
produce thoughts and ideas as well as 
those who produce things. In these times, 
when we find that our material 
have not brought us 
security, perhaps we will come to agree 
with Emerson that “a rush of thoughts 
is the only 
ean come to us.” 

What I am advocating here for educa 
tion is a revamping and revision of cur 
ricula in many fields of study to make 
room for some of the courses directed to 


those who 


advan- 


tages peace and 


conceivable prosperity that 


training students’ minds and to refresh 
ing their inner spirits, so as to make ot 
them whole and women instead of 
technical instruments prepared to earry 
out their mechanieal functions in making 
adequate livings, but failures at making 
lives for themselves and others with whom 


men 


they come in eontaet. 

George Boas, the eminent protessor of 
philosophy at the Johns Hopkins Uni- 
versity, pleaded a strong case for the 
humanities and the 
cently at a symposium on Higher Edu- 
cation and Long-Range National Secu- 
He made the telling point that 
“when all is said and done, it is the 
philosophy and poetry and architecture 
and seulpture (of the cultures of the 
past) whieh have survived as dynamic 
forces.” 


social seienees re 


rity. 


He went on to decry the current atti 
tude towards students in his own and re 
lated fields, and made this comment: 
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‘*We are in a national situation here 
lions are being spent studies 
results of which will lb 


more deadly the weapons the better. Pur 


daily on 


weapons. The 


science is tolerated because it is suspected 
that it may contain implications useful for 
warfare. Psychology and economies are 
tolerated because it is hoped that the for 
mer may teach us how to beguile the enemy 
suecessfully into treason or cowardice, the 
latter because it may teach us how to cap 
ture or destroy the materials vital to the 
defense. But the historian, the 


student of language and literature, and es 


enemy ’s 


pecially that human gadfly, the philosopher, 


are not encouraged. They are not essen 


tial to defense. They are merely essentia 


to civilization. ’’ 
With natural! 
prejudice, I believe we ean agree that he 


due allowance for his 
has pointed to a fundamental weakness 
in our national our pre 
occupation with facets and figures to the 
exclusion of the human factors that play 
the major roles in 


character 


determining human 


conduet and human history 


Glitter and Intrinsic Valu 


1 do not to advoeate the liberal 
arts curriculum for everyone, or for edu 
eation obtained by reading 100 
hooks. 
and most of us have to earn a living to 
stay alive. 

But on the other hand, students com 
ing under our guidanee and control must 
he taught some things beyond mere teeh 
nieal competence in 
Specifically, it is not 
engineering students engineering and re 
lated subjects and little else. 
not leave our colleges and universities 
with the mistaken notion that everything 
in life ean be reduced to a mathematical 
formula, and their relations with 
fellow men determined by 


mean 


rreat 


One must be alive to enjoy life, 


their professions 


enough to teael 


They should 


their 
slide-rule eal 
culations. 

it does not matter how the broadening 


Here 


maintain 


ot study courses 1s accomplished. 
at Miehigan State College, we 
our Basie College, in 
freshmen and sophomores are required t 


take a 


which all of our 


number of common core courses 
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in which they are introduced to materials 
in all the great fields of knowledge. The 
purpose is to guarantee that we will no 
longer graduate music majors who know 
nothing of the physical and biological 
sciences, engineers who know little or 
nothing of history or art or the biological 
world in which they live, chemists who 
know nothing of the sciences in border- 
ing fields or of the social sciences. And 
they all are required to demonstrate a 
reasonable proficiency in written and 
spoken English before they can earn a 
degree from this College. 

But while we are broadening our 
courses to produce graduates who can 
honestly claim to be educated, we must 
narrow them too, in order that they may 
focus on some of the fundamental truths 
of which we have lost clear sight in re- 
cent generations. The glitter of modern 
civilization has obscured too much of the 
intrinsi¢ value of such old-fashioned 
things as respect for the rights of others, 
respect for the persons of others, respect 
for the property of others, and respect 
for the opinions of others. Teachers of 
whatever subjects would be serving well 
if they laid some stress on those funda- 
mental principles of conduct for the 
benefit of their students. 

But most of all, I am sure you will 
agree, we must teach students to think. 
And they must learn to think, not only 
about problems in their own spheres of 
activity but about a great many other 
things as well. It seems evident that we 
cannot leave great decisions on matters 
of national and world policy to a small 
group elected or appointed to perform 
those specific functions. I believe that 
the decisions of the great mass of Ameri- 
cans will potentially be much sounder 
than those of any politicians ever elected 
to any offices. But they cannot be sound 
decisions unless they are based on com- 
prehensive information and _ rational 
thinking. Colleges and Universities fail 
in their greatest mission if they are not 
truly centers for the encouragement and 
stimulation of thinking on the part of 
students and the general publie as well. 


Those who question whether the de- 
signer, the builder, and the operators of 
our machines should assume any social 
responsibility for the results of their 
actions might look with profit at the ex- 
ample set by such distinguished scientists 
as Compton, Einstein, DuBridge, and 
Bronk. 

These men, who know better than any 
others the awful potentialities of atomic 
power, fully recognize the probable con- 
sequences of their creative action, and 
are laboring mightily to develop a social 
political climate favorable to effective 
control of atomic energy for the benefit 
of mankind. Their concern does them 
great credit; their endeavor to minimize 
the destructive effects of their discoveries 
is a tremendously hopeful development. 
And if men such as these are prepared to 
assume some responsibility for their ac- 
tions, then it is highly appropriate that 
others do likewise. 


The Balance Between Specialization and 
Liberalization 


Interested as we are in the present and 
the future, there is always something to 
be learned from the pioneers of the past. 
It is humbling to find that those who laid 
the foundations for our great industrial 
and economic development here in the 
United States saw far more clearly than 
we of recent generations the dangers of 
undiluted science and narrow specializa- 
tion in education. 

It is particularly appropriate here on 
this campus to recall the words of Bela 
Hubbard, one of the Michigan farmers 
who helped bring into being this first 
agricultural college, the forerunner of the 
land-grant college system. On one ocea- 
sion, Hubbard described what he econ- 
sidered to be the ideal curriculum for the 
college he had in mind, and the emphasis 
was placed on the natural and physical 
sciences. But then he added a note of 
warning in which we now recognize wis- 
dom and far-seeing vision. This is what 
he said: 
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‘‘Nor should the claims of literature and 
the fine arts be wholly neglected, as tend- 
ing to polish the mind and manner, and add 
greater lustre and dignity to life.’’ 


Remember, he was talking about edu- 
cation for the sons of farmers and 
workers here on what was then the fron 
tier—and he was advocating that they 
study literature and fine arts. He was 
mightily interested in their receiving the 
scientific training they required to cope 
with the technical difficulties of farming, 
but he wanted their lives to have lustre 
and dignity, too. He might have been 
speaking as well for the engineers, the 
veterinarians, the home economists, the 
business administrators, and all the others 
who were to be trained here in the cen- 
tury to come. He might have been speak 
ing for all the young men and women to 
be trained for the “several pursuits and 
professions of life,” as the Morrill Act 
stated it. Incidentally, it is well to note 
that the Morrill Act provided for the 
“liberal and practical education” of the 
industrial classes of America, not the 
practical alone. 

There is ample historical precedent for 
the idea that a college student shall have 
training narrow enough to equip him to 
make a living, and broad enough to equip 
him to make a life. 

The young men and women we are 
sending into the world with diplomas in 
their hands will encounter some of the 
most perplexing questions ever to vex a 
generation. We will be doing less than 
justice to them if we do not give them 
the background of knowledge and the 
thinking knowhow they will require in 
the years ahead. 

Determining just what that background 
and training should be is of course a task 
for individual teachers and _ individual 
colleges. But as a guide, we might re- 
member that Milton more than three hun- 
dred years ago, in one of the best defini- 
tions of an education ever written, de- 


fined an educated nan as one who can 
perform all the offices of peace and war 
with justice and magnanimity. 

In the final analysis, an educated man 
in a democracy is one who is trained and 
conditioned to be an effective citizen. 
He need not necessarily be a man who 
has attained great wealth, or professional 
distinetion, or high publie office. He may 
not be known far beyond the borders of 
his own community. 

But he will have been educated to con- 
tribute to the economic stability to the 
limits of his creative and productive 
skills; he will have been educated to con 
tribute to the social stability by his un 
derstanding of the world around him and 
his tolerance for the rights and opinions 
ot others; he will have been educated to 
contribute to the moral stability by his 
acceptance and observance of the funda 
mental values; and he will have been 
educated to contribute to the political 
stability by his reasoned, thinking ap 
proach to political issues, his rejection of 
demagogic appeals, and his willingness 
and ability to lead or to follow, with 
equal intelligence. 

If we will keep such definitions of edu 
cation in mind, we as edueators will not 
think so much of graduating engineers, 
or chemists, or teachers, or home econo 
mists, or agriculturists, or accountants, 
as of graduating educated men and 
women, trained to be effective citizens ot 
our democracy—men and women ready 
and willing to assume the duties of lead- 
ership in a nation erying for intelligent 
direction and guidance in a world full of 
confusion, insecurity, and doubt. 

By so doing, we will contribute to the 
preservation and further advancement of 
the nation we all love, for men and women 
so trained will have confidence in Amer- 
ica, her principles and her destiny, and 
contidence in America’s ability to lead 
the world into an era of peace and 
understanding. 
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Yo ALLAN ReGINALD CULLIMORE, engi- 
neer, soldier, teacher and engineering ad- 
ministrator, for his achievements as an 
engineer-citizen; his constructive states- 
manship in engineering education; his 
devotion to the cause of young people 
in the Boy Scouts movement; and ad- 


rocacy of citizenship training in engi- 


neering education; his consecration to 
the cause of young engineers as evidenced 
by his work in Engineers’ Council for 
Professional Development, and his con- 
tributions to engineering practice as a 
member of this and other engineering 
societies, we award this the twenty-fourth 
Lamme Medal. 
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ALLAN REGINALD CULLIMORE was born 
in Jacksonville, Illinois, on Mareh 2, 
1884, the older son of Dr. Thomas Me 
Intyre Cullimore, a local physician and 
surgeon, and Mary Joy Cullimore—both 
parents being direct descendants of resi 
dents of Massachusetts Bay Colony. He 
attended the publie schools of Jackson 
ville, where mueh of 
spent, and in 1903 enrolled in the Massa- 
chusetts Institute of Technology, after an 
early experience as Assistant in the 
United States Coast and Geodetie Survey 
along the Columbia River in Oregon had 
led him into the field of engineering 

In 1907 he graduated from M.1.T. with 
the degree of B.S. in C.E., and joined the 
instructing staff of the Institute as an 
Assistant in the Department of Civil 
Engineering. In 1909 he accepted a posi 
tion as Superintendent of Construction 
in the City of St. Louis, and later was 
promoted to responsible charge of con- 
struetion work on the erection of the new 


his boyhood was 


court house. 

Dr. Cullimore’s work in the field of 
engineering education began in 1912, as 
Dean of the College of Industrial Science 
of the University of Toledo. He founded 
that College, organizing and planning its 
courses, and for a time occupied the posi- 
tion of Acting President of the Um 
versity 

In 1916 Delaware College (now the 
University of Delaware) appointed him 
Dean of Engineering. His services at 
Delaware, however, were interrupted by 
the entrance of the United States into 
World War I. At the outset of the War, 
Dr. Cullimore was in charge of special 
courses for shipbuilders in the shipyards 
of Wilmington, Delaware, as well as 
specialized training for the U. S. Signal 
Corps in Wilmington. During this pe- 
riod he gave considerable time to the 
study of industrial accidents, particularly 
with the rehabilitation of 
workers crippled in industry. He made 
an extended tour through the United 


object of 


States and Canada, visiting hospitals and 
studying the work being done in the re- 
habilitation of wounded soldiers. On his 


return to Washington he was assigned 
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hy the Surgeon General of the U. S 
Army to organize the program of re 
habilitation on the Pacific Coast. Shortly 
afterward, he was commissioned a Major 
in the U. S. Ann 


sion of Physical Reconstruction attached 


v in Charge of the Divi 


to the Office of the Surgeon General. 

After the War he resumed his duties at 
Delaware College, also serving as General 
Consultant for the Board fox 
Voeational Edueation, which later be 
came the Veterans Bureau. 

In 1919 Dr. Cullimore left Delaware to 
undertake the development of engineer 
ing edueation in Newark, N. J. It has 
Newark, first as Director of 
Newark Technical Sehool and Dean ot 
the newly founded College of Engineer 
ing, and from 1927 to 1949 as President 


Federal 


heen at 


of the Newark College of Engineering, 
that Dr. Cullimore has pioneered, devel 
oped, and expanded the field of human 
relations in engineering education. — It 
was through his efforts that the study of 
the humanities was 
equal level with technical studies. He 
felt that only through this sense of social 


introduced on an 


awareness could the suecessful engineer 
understand and work harmoniously with 
his fellow men. 

Significant which Dr 
Cullimore has made have resulted from 
his firm conviction that those qualified 


contributions 


voung men and women who lacked finan 
cial means should have opportunities to 
obtain a 
As a result of his unceasing efforts on 
their behalf, any high school graduate 
in the State of New Jersey who has the 
aptitude for and the interest in engi 


sound engineering education. 


neering need no longer be denied an engi 
neering education because of lack of 
funds. 

Synonymous with his efforts to equalize 
opportunity as well as to broaden the 
scope of engineering edueation, is Dr 
Cullimore’s interest in the proper guid 
ance of youth. He served as Chairman of 
the Committee on Student Selection and 
Guidance of the E.C.P.D., and upon com 
pletion of this assignment, undertook the 
Chairmanship of the Subcommittee on 
Student Development of the Committee 
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on Engineering Schools, resulting in the 
publication of “The Most Desirable Per- 
sonal Characteristies.” 

At the outbreak of World War II Dr. 
Cullimore was appointed Regional Ad- 
viser in Region No. 5 of the E.S.M.W.T. 
Program sponsored by the U. S. Office of 
Edueation. Concurrently with his work 
in the War Training Program, Dr. Culli- 
more served the N. J. Office of Civilian 
Defense as a member of the Technical 
Advisory Committee and as Director of 
the Newark Area, and was Regional Rep- 
resentative for the War Manpower Com- 
mission. 

One of the principles which Dr. Culli- 
more has emphasized during his career 
at Newark is the engineer’s responsibility 
as a citizen. In 1933 he was appointed 
Chairman of the Committee on the Engi- 
neer’s Civie Responsibility of the A.S. 
M.E. In collaboration with the late 
Senator Roy V. Wright, he was responsi- 
ble for the dissemination of this idea to 
students and young engineers, in the for- 
mation of a permanent lecture series at 
Newark College of Engineering. 

Dr. Cullimore has been recognized as 
a leader in civie affairs in the Metropoli- 
tan Area of Northern New Jersey for 
thirty years. He has been active on 
numerous committees of the Chamber of 
Commerce of the City of Newark and of 
the State of New Jersey; has served on 
the Citizens’ Advisory Committee to the 
Central Planning Board of Newark, and 
the Advisory Council of the Newark War 
Veterans’ Service Bureau; and has been 
Chairman of the Essex County Council 
of the N. J. State Division Against Dis- 
crimination. 

With his background in rehabilitation 
work, Dr. Cullimore serves as a Trustee 
of the Kessler Institute for Rehabilita- 
tion, one of the leading pioneer sani- 
toriums in this field. He has also acted 
as an advisory committeeman for the 
U. S. Department of Labor in its Study 
of the Utilization of Impaired Workers 
in Industry. 

Over a period of years Dr. Cullimore 
has been active in the A.S.E.E. He was 
First Viee President in 1943-44; mem- 
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ber of the Council 1940-43; has been 
Chairman of The Committee on the Orien- 
tation of Freshmen, Committee on Under- 
graduate Adjustment and Guidance, 
Committee on V-12 Examinations, and 
Committee on Conferences; and_ has 
served as a member of numerous other 
committees. 

In line with his general enthusiasm for 
the welfare of young men and boys, Dr. 
Cullimore has shown a deep interest in 
the Boy Scouts of America. He was the 
recipient of the Silver Beaver Award 
for 1937 and the Silver Antelope Award 
for 1947, both for distinguished service 
to boyhood. 

Dr. Cullimore holds the honorary de- 
grees of D.Se., University of Newark; 
D.Eng., Newark College of Engineering; 
D.End., Stevens Institute of Tech- 
nology; and D.Eng., Rutgers University. 
He is First Honorary Member of the 
Professional Engineers’ Society of Hud- 
son County, New Jersey; member of Tau 
Beta Pi, Beta Theta Pi, Phi Kappa Phi, 
and Omicron Delta Kappa; member of 
the Newcomen Society, the Engineers’ 
Club of New York, the Down Town Club 
of Newark, and Honorary Member of 
Newark Rotary. 

He is the author of several publica- 
tions, including: “Theory of the Slide 
Rule,” 1913; “The Phillips & Mannheim 
Rule,” 1923; “Selections for Engineering 
Students,” 1929; “The Problem of Staff,” 
1933; “Anent Engineering and Culture,” 
1932; “Through Engineering Eves,” 1941. 
He has also contributed numerous ar- 
ticles to technical publications. 

Since his retirement as President of 
Newark College of Engineering, Dr. 
Cullimore has been devoting a consider- 
able part of his time to a project that 
had long been in his mind—the correla- 
tion of Industrial Relations and Person- 
nel Relations work into an expanded De 
partment of Management and Personnel 
at Newark College of Engineering, which 
he guides as Chairman. 

In 1912 he married Edith Van Alst of 


Brooklyn. Their home is in South 


Orange, New Jersey. 
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George Westinghouse Award—1951— 
Glenn Murphy 





To GLENN MurpuHy, a master crafts- 


man of the teaching art. Unsparing of 
himself, he develops in his students at 
each level of age and background the 
desire and ability to think; an eagerness 
to learn; a willingness to work. An 
exacting task master, a proflific writer, 
a skillful improvisor, an able supervisor 
of junior colle agques, he advances teach- 
ing along the broad front of precept, 
example and a genuine personal interest 
in each student with whom he has contact. 


GLENN Murpny, sixth recipient of the 
ASEE George Westinghouse Award, has 
demonstrated an almost unbelievable ver- 
satility in his teaching and related ae 
ecomplishments. While his proven pro 
ductivity and growth potential are truly 
outstanding, even more remarkable is 
the forward pace which continues with 
out sign of letup. One has but to sean 
thoughtfully the titles of Dr. Murphy’s 
writings to recognize the technical versa 
tility of the man at both graduate and 
undergraduate levels. 

Of him one colleague has written: “In 
summary my appraisal of Dr. Murphy 
is that he is a master of teaching; he 
ean suecessfully lead the student into 
the pleasures of real learning. He is a 
master of his subject matter; his publica 
tions bear witness to this fact. He has 
never been content to rest on past a 
complishments.” In the words of a for 
mer student: “Dr. Murphy enriches his 
students by far more than the teehnieal 
information which he so capably presents 


It is in his development of logical minds 
with the ability and fortitude to tackle 
new problems which eannot be dealt with 
by formula, that he makes a truly great 
contribution to the engineering profes 
sion.” - 

Born in Boulder, Colorado, January 
17, 1908, Murphy took his B.S. in civil 
engineering at the University of Colo 
rado (with special honors) in 1929, fol 
lowed by the M.S., 1930 and the pro 
fessional CE, 1937. After a two-year 
assistantship at Illinois in the midst of 
the stimulus ereated by such mentors as 
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Wilson, Huntington, Moore, Seely, Rich 
art, Westergaard and Cross, Murphy, 
in 1932 with his second M.S. degree be 
came the fifth member of the year-old 
T. & A. M. staff at lowa State College. 
Continued study coneurrent with his 
teaching netted in 1935 the Ph.D. At the 
age of 33 he became, in 1941, a profes 
sor. With his marriage in 1934 to 
Frances Pearce, he secured a_ brilliant 
cooperative helpmate whose name re 
ceives well-earned mention in the preface 
of virtually every one of his books. 

In spite of the heavy output and wide 
range of subject matter, the textbooks 
carry, not only the stamp of quality and 
educational craftsmanship but at least 
two of them document areas heretofore 
without comparable textbook coverage. 
Titles include: Properties of Engineer 
ing Materials, Materials Testing (co 
author), Mechanics of Fluids, Mechanics 
of Materials, Advanced Mechanics of 
Materials, and Similitude in Engineering. 
He was also co-author for one section 
of the O’Rourke “General Engineering 
Handbook.” In addition to the books is 
authorship or co-authorship of three 
Iowa Engineering Experiment Station 
research bulletins and various papers and 
discussions published under such auspices 
is ASTM, ASEE, ASME and the Seventh 
International Congress for Applied Me- 
chanics. A major editorial task is his 
position as Editor, Mechanies Series for 
Ronald Press. He has also long been 
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an abstractor for the Journal of the 
{merican Concrete Institute and eur 
rently abstracts for the Applied Me 
chanics Review, 

As Senior Engineer in the Institute 
for Atomic Research (half time) since 
1949, Dr. Murphy is in charge of the 
Nuclear Engineering group in the Ames 
Laboratory of the Atomic Knergy Com 
mission. He is a registered professional 
engineer in the state of Towa. 

Of professional affiliations the list is 
long but representative of actual inter- 
ests and in most cases participation. A 
member of ASEE since graduation in 
1929, Dr. Murphy is a former member 
of the Council, a past chairman of the 
Mechanics Division and at present Editon 
of the Bulletin of the Mechanics Divi 
sion, launched in 1950 during his chair 
manship. The 1950 ASEE Summer 
School for Teachers of Engineering Me 
chanies (the first since 1929) was his 
conception and with the aid of loyal eol- 
leagues it proved to be a highly suecess 
ful undertaking and the largest me- 
chanies summer school vet held. 

Other technical affiliations include 
ASCE, ASME, Amer. Cone. Inst., Soe. 
Exper. Stress Analysis, Towa Engr’g 
Soe., Inst. of Aeronautical Sciences and 
Inst. Argentina de Racionalizacién de 
Materiales in addition to the honor so- 
cieties of Tau Beta Pi, Chi Epsilon, Phi 
Kappa Phi and Sigma Xi (President of 
the local chapter 1949-50). 
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The Nature of Good Teaching * 


By R. L. 


Dean of Graduate Division, 


teaching at the 
Some 


The improvement ot 
college level involves many things. 
of these are concerned with what goes on 
in the classroom and some are concerned 
with matters that indirectly affect what 


gzoes on in the classroom. 


Trained teachers are needed now for 
most all fields of human action. In for- 
mer years the college degree in some 
miraculous manner was supposed to 


qualify one for teaching. However, it 
is now evident that knowledge of subject 
matter alone does not provide complete 
qualifications. 

The following items are a condensation 
from an article on the improvement of 
college teaching by Dr. C. C. Crawford 
of the University of Southern California 
They indicate that there are many com 
ponents to the job of good teaching and 
are listed for that reason. 

1. The starting of a career in college 
teaching. 


2. How to win and hold the good-will 
of students. 

3. How to operate classroom routine. 

1. How to keep student interest at a 
high level. 

5. How to make your teaching practi 
‘al, functional, or worthwhile. 

6. How to plan and organize college 

courses. 

How to prepare functional sylla 

textbooks for 


buses and college 


eourses. 





* Presented at the Southeastern Sectior 
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8S. How to manage related library and 
textbook materials. 
9. How to direet the 


ideas. 


‘ 


exchange Ol 

10. How to persuade, convinee or in 
fluence college students 

11. How to speak effectively in the 
college classroom. 

I: How to 
your ideas. 

13. How to direct 
performance. 

14. How to 


search and 


illustrate or demonstrate 


student practice or 


promote originality, re 

invention. 

15. How to improve the learning tech 
niques of college students 

16. How to fit 
abilities and needs. 

17. How 


work and mastery. 


instruction to varied 


to maintain proper levels of 

18S. How to teach many students at one 
time and manage large classes. 

19. How to check up on 
complishment. 


student ae 
20. How to help young people to plan 
and manage their lives. 


the 
mentioned 


Since this discussion is on nature 
teaching the 
above will not be ex panded upon. 

All higher edueation will be 
has the 


and courage through comprehensive re 


of good items 
benefited 
when some group imagination 
search and study to formulate criteria of 
good teaching, systematic procedures for 
appraising it, and the most effeetive steps 
tor its improvement. 

In any 
teaching or of 


improving col 
training 
teachers it seems necessary that there be 


diseussion of 


lege college 
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some statements made as to what con- 
stitutes good teaching; what is the na- 
ture of good teaching. Effective learning 
is the result that the good teacher is after, 
because, after all, if there is no learning 
there is no teaching. One definition of 
learning that seems very appropriate is: 
“Learning is a change in performance as 
a function of practice, the change having 
a direction that satisfies current motiva- 
tion of the individual.” 

The change in performance that we 
are concerned with is the production of 
inereased competence in the field being 
studied. This involves (a) producing an 
understanding of the fundamentals; (b) 
developing the ability to use the funda- 
mentals in situations. These be- 
come prime objectives in the educational 
process. 


new 


Learning and Motivation 


To accomplish the two objectives, the 
manner in which we learn must be con- 
sidered. Some basie concepts can be 
taken from educational psychology. 


1. We learn by doing (mental or physi- 
eal). The question can be raised: Does 
anyone really learn by passive accept- 
ance? The answer of the psychologist 
seems to be largely in the negative. 

I would like to give the following quo- 
tation: ‘“There’s one and only one way to 
receive an education, that is to get it for 
yourself. We hear much said about self- 
educated men, and a broad distinction is 
made between them and others; but the 
truth is, that every man who is educated 
at all, is, and must be, self-educated. 
There are no more two methods in which 
the mind ean make progress than there 
are two methods in which plants can 
One seed may be blown by the 
winds, and east upon the southern, or 
perchance on the northern side of some 
distant hill, and there germinate and take 
root, and do battle along with the ele- 
ments, and it may be so favored by the 
soil and climate that it shall lift itself in 
surpassing strength and beauty; another 
may be planted earefully in good soil, 


rrow. 


and the hand of tillage may be applied 
to it, yet must this also draw for itself 
nutriment from the soil, and for itself 
withstand the rush of the tempest, and 
lift its head only as it strikes its roots 
deep in the earth. It is for the want 
of understanding this properly that ex- 
travagant expectations are entertained of 
instructors, and of institutions; and that 
those who go to college sometimes expect, 
and the community expect, that they will 
be learned of course, as if they could be 
inoculated with knowledge, or obtain it by 
absorption. This broad distinetion be- 
tween self-educated man and others has 
done harm; for young men will not set 
themselves efficiently at work until they 
feel that there is an all important part 
which they must perform for themselves, 
and which no one ean do for them.” The 
above is from Mark Hopkins, 1836. It 
apears to me that this statement is as 
good today as the day that it was made. 
It is unfortunate that we have not given 
rreater attention to such key concepts 
stated many years ago. 

2. Consideration should 
stimulus-response reactions. The time 
necessary for learning, the effect of 
plateaus of learning, and the matter of 
forgetting (the reverse of learning) all 
enter the educational process. 

3. There must be consideration of the 
motivation limit, the matter of incentives. 
(A student goes no further than he de- 
sires. ) 

4. We need to give adequate and full 
consideration to how learning takes 
place. 


be given to 


a. First we have motivation; the mat 
ter of rewards, punishment, compe- 
tition, and satisfaction must receive 
attention. 

hb. Next we are concerned with the 
conditioning of the student or with 
preparing him in such a way that he 
is in a state of readiness for learn 
ing, that his attitude is the best for 
learning. 

c. Then a task must be _ established. 
This means having definite objec- 
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tives and definite work to be done by 
the student. 

d. We learn by doing, by practice. 
Therefore the problem of student 
action and repetition comes to the 
fore. Repetition means the use of 
time, and time is limited. Therefore 
we need to know at least roughly, 
the extent of repetition necessary 
to provide the necessary improve- 
ment in performance. 


e. We receive through the various 
senses. Therefore we need to know 


how to use these various senses in 
the most effective way to get the 
results we are after. All things 
mentioned about the student in- 
volves student activities. It needs 
to be continually emphasized that 
all learning takes place through ac- 
tivity by the student. 


We might list seven types of learning 
that would bear consideration in a first- 
class learning situation. While all seven 
are important, two of them involving 
the development of emotional activities 
and the development of attitudes and 
ideals will be passed over and five of 
direct relationship to learning in the 
sciences and engineering will be listed. 
These are: 


1. The development of motor skills. 
(In the main this type of develop- 
ment would be minor in professional 
education except for experimenta- 
tion. ) 

2. The development of 
awareness of action. 


perception 


3. Memorizing—association. 
4. Development of understanding. 


a. Observation. 
b. Listening. 

ce. Reading. 

d. Abstraction. 
e. Analyzing. 
f. Generalizing. 


5. The development of problem solving. 


GOOD TEACHING & 2 


Handicaps to Learning 


There are certain handicaps to learn 
ing which bear careful attention, and 
which in many eases are given little eon- 
sideration. These handicaps inelude: 


1. Fatigue (both mental and physieal). 
Factors affecting fatigue are: 


a. Number of classes in a row. 
b. Poor lighting. 

e. Poor desks. 

d. Poor tools. 

e. The pace too fast on 
f. Poor teaching itseli 


nonotononus. 


' 


2. Distractions: 


a. Noise. 
b. Instructor mannerisms 
e. Improperly used visual aids. 


Poor ventilation. 
Poor vision. 


~' te LO 


Poor acousties. 


Statistical studies made on the eduea 
tional processes at three different insti- 
tutions of higher education appear to 
rive us some valuable information in re 
gard to teaching from the viewpoint of 
the learner. Two of the studies involve 
undergraduates, one being made in a 
non-research type of institution, and the 
second being made in an institution that 
places considerable emphasis upon re 
search. The study at the third institution 
was a study of graduates who had been 
out ten or more years. It was interest 
ing to note that in the non-research insti 
tution the Associate Professors ranked at 
the bottom and in the research institu 
tion they ranked at the top of the list 
in the quality of their teaching. In the 
non-research institution, young instrue 
tors, the group with the least experience 
in teaching, ranked above both Assistant 
According to 
the students they possessed one charae 
teristic at a much higher level than the 
older men, and that was enthusiasm. The 
faculty was rated lowest on its ability to 
stimulate students, while students gave a 


and Associate Professors 
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high rating to this characteristic 
as an element of good teaching. 


very 


Four Basis Elements 


From the above basic 


learning and from the statistical studies 


concepts on 


made there have been determined what 
may be called four elements of good 
teaching. These four most important ele- 


ments of 
order of importance as determined from 


good teaching stated in the 


statistieal studies made with students 
and successful alumni are: 
1. Inspiration (motivation). Every 


word and every action of the teacher en- 
courages or discourages, creates a de- 
sire to learn or destroy the incentive to 
learn. 

2. Ability to with 


ex plain—coupled 


College 


A plan for a liberal education in engi- 
neering was announced by Dr. John R. 
Dunning, dean of the School of Engi- 
neering of Columbia University. Twelve 
selected liberal arts colleges have entered 
into an agreement with Columbia’s School 
of Engineering to provide this unuusal 
opportunity for educating professionally 
trained engineers. A student interested 
in the study of engineering will have the 
opportunity of studying three years at 
one of the cooperating liberal arts col- 
leges and two years at Columbia. Upon 
the satisfactory completion of three years 
of study at one of the twelve liberal arts 
colleges, the student will be automatically 
admitted to Columbia’s School of Engi- 
neering for two engineering 
study. Completion of the five year pro- 
gram will result in appropriate Bachelor’s 
degrees from both Columbia and the lib 
eral arts colleges. 


vears of 


GOOD TEACHING 


patience, sympathy, and willingness to 
explain, it is a top asset. 

3. Knowledge of field. An instructor’s 
knowledge should be such that he does 
not have to concentrate upon the mate 
rial but can concentrate upon the student. 

4. Organization. Clear and 
statements of over-all and individual 
class objectives are essential. Various 
assignments should dovetail. 


coneise 


If an instructor knows his field, prop- 
erly organizes his work, can and is ready 
to explain, and above all, can stimulate 
and motivate his students to a high level 
of activity, he is bound to get excellent 
results as demonstrated by the very na 
ture of learning itself. Improved per- 
formance through developing  under- 
standing and ability to use fundamentals 


in new situations will result. 


Notes 


The College and Schools of Engineer 
ing and Mines at the University of 
Pittsburgh have announced a new coop 
erative program enabling students to 
gain training in both liberal arts and 
engineering. The plan includes a total of 
five years work and leads to a bachelor 
of science degree and a bachelor of sci- 
ence degree in engineering. Students 
entering this course and completing 
three years of work in the College and 
two years of work in the School of Engi- 
neering or Mines may satisfy the require- 
ments for the bachelor of science degree 
from The College at the end of the fourth 
vear and a bachelor of science degree 
from the School of Engineering or of 
Mines at the end of the fifth year. This 
program, which a student may enter next 
Fall, will be similar to two degree pro- 
grams in effect for students in other 
liberal arts colleges. 
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Graduate Study in Structural Engineering * 


By A. A. 


Professor of Civil F 


Need for Graduate Study 


At the present time when so much is 
heard about training the 


the humanities and developing his social 


engineer in 


consciousness, it is with some hesitation 
that one brings forward the question of 
specialized training in one of the many 
fields of engineering. The present com 
plexity, however, of all fields of engineer- 
ing and the rate at which they are being 
explored and make obvious 
the need for highly trained engineers. 

It is the purpose of this paper to dis 
cuss briefly the general pattern of grad 
uate study, to present an outline for such 


expanded 


study in structural engineering, to con 
the 
graduate work and to formulate the aims 
of graduate study in structural engineer 
ing. The paper deals with graduate 
study in the United States of today 
which leads to the Master of Science de 
gree after one vear of study beyond the 
the 
aiter 


sider conditions essential to good 


Bachelor of Science degree, and to 
doctorate, either Ph.D. or D.Se., 
three years of study beyond the B.Se. 
The feasibility of re- 
quiring some studies in the liberal arts 
at a junior college or at the university 
prior to beginning engineering studies, 
will not be here considered. Neither will 
the advantages or disadvantages of the 
five-year engineering curriculum be taken 
up; although adopted by uni- 
versities it is still the exception. 


advisability or 


several 
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Division at the 59th Annual Meeting of the 


ASEE, East Lansing, Michigan, June 23, 
1951. 
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The engineering graduate is expected 
to have some aequaintanceship with the 
liberal arts in addition to broad engineer 
and special 
in one of the major fields. Of 


ing knowledge competeney 
course it 
is unpossible to achieve this in four vears 
The young engineer, leaving the u 
sity with the degree of B.Se., 
eral knowledge of the world 
a fair ability to use written 


Vel 
has a gen 
he lives in, 
and spoken 
the funda 
engineering and some 
the 


engineering. 


Enelish, some knowledge ol 
mentals of all 
subdivisions of his 


These 


themselves 


familiarity wit} 
field of 


however 


subdivisions 


have become com 


plex and the young graduate often finds 
it difficult 


them without 


to function satistactorily in 
than he 
engineering 


more know ledge 


obtained in four 
This 


gained 


years at 
additional knowledge = is 


through 


school. 


frequently experience. 


In some subdivisions of eivil enginee 
ing it is very difficult to become com 
petent through experience alone, even 
though it be supplemented by private 


Vvears ol 


Struetural 
these subdivisions. 


study, superimposed on fom 
formal engineering education. 
engineering is one of 

The young civil engineering graduate 
of more than average ability who is in 
in making structural engineer 
whether in 


terested 
ing his life-work, design 01 
research, should seriously consider taking 
graduate work, at the 
represented by the M.Se. degree. If he 
not this 
may find himself inadequate for the per 
formance ex peeted of him 
tainly will find competition difficult with 


least to extent 


does have special training he 


and he ce! 


men of equal or perhaps less native 
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ability who have had the training. In 
order, however, that he may know more 
surely where his interests lie and also 
that his studies may be carried out with 
the advantage given by greater judg- 
ment and some practical knowledge, it 
is desirable that several years of ex- 
perience be obtained before advanced 
studies are started. In choosing the 
school for his future studies, it would be 
well for him to consider institutions 
other than the one where he received the 
B.Se. in order to have contact with 
new teachers and new viewpoints. 


Program of Studies 


The purpose of graduate work in struc- 
tures is to impart a specialized knowl- 
edge to engineers who already have an 
understanding of engineering fundamen- 
tals and a familiarity with the various 
sub-divisions of civil engineering. The 
detailed aims of the graduate program 
may be considered from two aspects: the 
knowledge to be gained and the mental 
attitude to be developed. 

The knowledge to be gained may be 
roughly itemized as follows: 


a) mechanics: usual assumptions, their 
validity and limitations; problems 
outside these limitations; elasticity 
and elastie stability. 

b) behavior of (including 
soils) and structures: eritieal study 
based on experimental data. 

¢) structural analysis: frames consisting 
of members subjected to axial, flex- 
ural or torsional loading or to com- 
bination of these loadings. 

d) structural design: members and fram- 
ing of more than ordinary diffi- 
culty. 

e) thesis: an independent but somewhat 
guided treatment of a problem in 
structural engineering or in me- 
chanics, preferably one whose na- 
ture or solution is of timely in- 
terest. 


materials 


The thesis for the M.Se. degree is con- 
sidered of great importance. 


Although it 


is impossible to delineate exactly the char- 
acteristics of an acceptable thesis, some 
general requirements may be mentioned. 
It is not expected that the thesis will be of 
such startling nature as to create excite 
ment in engineering circles, but it is ex 
pected that the work would be of interest 
to many structural engineers. The appli 
cation of well-known methods of analysis 
and design to a routine problem is not 
sufficient. The subject must be one of 
some difficulty, requiring a knowledge of 
the fundamental theory involved and 
calling for some originality in the solu- 
tion. It must also be one whose treat- 
ment is not already well known and avail- 
able. It is desirable that it be a prob- 
lem of interest in the field in which it 
occurs. The effect desired on mental at- 
titude is the promotion of independent 
thought, self-reliance and the courage 
to attack now problems. The thesis may 
have its greatest value when viewed in 
this light. 

The subject matter just described 
might be presented in the following 
courses, each of which bears three credits, 
on the basis of twelve credits represent- 
ing a semester’s work and twenty-four 
credits being the minimum requirement 
for the M.Se. degree: 

Advanced Strength of Materials or 

Theory of Elasticity 
Elastie Stability 
Steel Design 
Concrete Design 
Soil Mechanies 
Structural Analysis: 

Frames 
Structural Analysis: 

Trusses 
Thesis 


Continuous 


Indeterminate 


The graduate program for the M.Se. 
degree, based on the foregoing outline 
with perhaps one or two courses not 
directly related to the topics itemized, 
would require two very crowded semes- 
ters. Three semesters would be prefer- 
able since they would permit a slower 
pace with more time for reading and in- 
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th 











GRADUATE STUDY IN STRUCTURAL ENGINEERING 


dependent thought. The graduate pro 
gram should never become merely a non 
integrated collection of miscellaneous 
courses, whose chief purpose, although 
perhaps not recognized, is to keep the 
student occupied while he spends an- 
other year at school. 

The two further years required for 
the doctorate may well be considered as 
an extension of the study for the M.Sc. 
degree, but with less rigidly prescribed 
course requirements. It is desirable that 
the M.Se. degree be obtained in view ot 
the experience gained in preparation of 
the thesis. The second year should be de- 
voted to independent study ot 
topics in structural engineering and in 
mechanics, and to’ some formal courses, 
especially in mathematics. The nature of 
the courses would depend upon the diree- 
tion of the student’s interest. Along 
with these special topics and formal 
courses should go a developing familiar- 
ity with, and interest in, the literature 


special 


and history of the fields of structural 
engineering and mechanics. After the 


second year is terminated with the com- 
prehensive written and oral examina- 
tions, the third year is given entirely to 
the thesis which should deal with a major 
problem requiring theoretical knowledge 
and some originality. 
Student, Instructor, Library 

There are several features of graduate 
work, not yet mentioned, which are of 
primary importance to its success: type 
of student, type of instructor, library 
and laboratory facilities. Graduate study 
is not for the average student no matter 
how industrious, nor for the lazy stu- 
dent even though gifted, since both have 
a detrimental effect on the able and seri- 
ous student and on the quality of in- 
struction. Graduate classes should not be 
conducted by men who have just passed 
the course the preceding year or by those 
to whom instruction is an _ article-by- 
article trip through a textbook. The in- 


structor, in addition to a broad knowl 
edge of the subject, should also have an 
interest in it. The students 
advanced, study mainly because they are 
interested. It the 


come tor 


Instructor cannot 


stimulate and inerease this interest or 
enthusiasm, something is wrong. One 
instructor, even though of outstanding 
competence, should not furnish all the 
teaching in a graduate program. The 


complexity of the various subjects, as 
well as the advantage of having the stu 
dents exposed to 
would eall tor at 
Personal and friendly contacts 
student and instructor are of the greatest 
importance. A student who is not free 
to obtain 


several viewpoints, 


least three instructors 


between 


advice or who does not feel 
himself in a friendly atmosphere cannot 
do his best work. 

Graduate instruction requires an 
quate library; a collection ot 
handbooks and texts does not 
purpose. There must be 
usual reference works, 
native and foreign societies, native and 
foreign periodicals, bulletins 
and the like. Without these the graduate 
program is only a make-shitt. Adequate 
facilities should also be available for ex 
perimental work, both for small-scale 
models and for larger specimens. It is 
desirable that these laboratory facilities 
from those regularly 
for undergraduate courses. 


ade- 
standard 
serve the 
available the 


proceedings ot 


research 


be separate used 


oumma ry 


Summarizing briefly, graduate studies 
in structural competently 
conducted along a carefully thought-out 
plan, with the necessary library and labo- 
ratory facilities, should impart to the 
student a broad knowledge of theory and 
of the materials and the 
ability to apply this knowledge to actual 
problems of difficult and unusual na 
ture. It should also develop or stimu- 
late the habit of 
and of initiative. 


engineering, 


behavior of 


independent thinking 








An Elementary Photoelasticity Experiment 


By R. T. 


LIDDICOAT 


Associate Professor of Engineering Mechanics, University of Michigan 


For several years in the first course in 


materials testing at the University of 


Michigan, a photoelastic test has been 
included to let students know that such 
a method has valuable application to 
experimental stress analysis. 

Bakelite was first used as a specimen 
material because it is so sensitive opti- 
cally. It has about 20 times the sensi- 
tivity of glass and about 5 times the 
sensitivity of celluloid. After a few tests, 
or after a short time interval, the speci- 
mens developed considerable residual 
strains and the conclusions drawn from 
the test were not too reliable. 

As a possible means of eliminating the 
residual strain objection it was suggested 
that glass be used as specimen material, 
and to make up for lack of sensitivity by 
employing the ‘‘Babinet Compensator.”’ 
Small retardations of light can be ac- 
curately measured by this method. 

The employment of the Babinet Com- 
pensator in tests performed by under- 
graduate classes seemed to be unusual 
enough to justify a presentation of its 
description. 

Specimens of the desired shape were 
accurately cut from plate glass. In pre- 
liminary study the specimens were found 
to be free of residual strain. One speci- 
men consisted of a plain bar, Fig. 1, 
about a quarter inch square in cross sec- 
tion and about 5 inches long. The other 
specimen, Fig. 2, was also of rectangular 
section, with a single half circular notch. 

In the experiments the students were 
given the optical constant for the ma- 
terial. On the plain bar they then ob- 
tained the stress at the extreme fibres 
due to known bending moment by com- 


putation and by optical or photoelastic 


methods. (ood sagreement between 


these values gave confidence in the 
testing method. 


Fig. 1. 
a = | 


Fig. 2. 














The second specimen with the notch 
was then loaded, and the stress obtained 
at the base of the notch by optical means. 
The nominal or computed stress for a 
beam of uniform section but of the same 
reduced net cross section was then ob- 
tained. The actual or optical stress di- 
vided by the nominal stress gave the 
factor of stress concentration, which was 
main purpose of the test. 


The Preliminary Theory 

There was some review of the fact that 
light is transmitted by transverse waves, 
that it can be polarized, that a polarized 
beam of light passing through a plane- 
stressed transparent isotropic body is 
repolarized at each point on the body 
into two planes parallel to the principal 
stress planes. As these two polarized 
beams emerge they maintain the initial 
frequency but they are thrown out ot 
phase by passage through the material. 

The phase difference or relative re- 
tardation of the two emerging beams is 
proportional to the difference of principal 
stresses at the point. The emerging 
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light is repolarized by a so-called ‘“an- In the experiment under discussion 
alyzer” in a plane normal to the original the principal stress planes are looked 
polarized beam that entered the speci- upon as slots, following the method 
men. illustrated in Fig. 3. This illustration 
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was taken from a paper by N. Alexander 
(1936). 

As shown in this figure the light emerg- 
ing from the “‘analyzer” (slots III and IV 
of Fig. 3d) is made up of vectors of 
identical amplitude and _ frequency. 
These vectors are 180° apart and out 
of phase by R (Fig. 3e), the amount of 
the retardation caused by the difference 
of the principal stresses. 

At every point on the free boundary of 
a two dimensionally stressed specimen 
the principal stress planes are one normal 
to the boundary and one parallel to the 
boundary, because on these planes the 
shear stress is zero. 

The Babinet Compensator facilitates 
the reading of relative retardation at the 
extreme fibres. An explanation of its 
behavior follows. 


Compensator Behavior 


Suppose a specimen were given pure 
tension as shown in Fig. 4. One prin- 
cipal plane ao would have zero stress 
and the other plane ob would have stress 
P/A. In optically sensitive material 
one plane would retard the light more 
than the other, say ob greater than oa, 
and as stress is increased the relative 
retardation would increase. We might 
speak of a fast axis and a slow axis. 
Now suppose the stress were compression. 
The relative retardation would be re- 
versed (oa greater than ob). 

As illustrated in Figs. 3b and 3c, the 
reversal means that the light from slot I 
gets ahead of the light from slot IT. 

The meaning of the reversal can also 
be illustrated by a bakelite beam in 
pure bending. The light passing through 


Compression Side 


the two slots (principal planes) at the 
neutral axis get through the specimen 
without relative retardation and the 
emerging beams are cancelled by the 
analyzer giving a dark band. Then on 
the compression side the light from say 
slot I is ahead of II while on the tension 
side the reverse is true. 


aa 
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Fia. 4. 


The stress interference pattern is as 
shown in Fig. 5 for pure bending. 

Some transparent mineral crystals like 
tourmaline, mica, and quartz will take a 
polarized beam of light and repolarize 
it in two perpendicular planes. Re- 
tardation will be greater in one of the 
planes than in the other and a crystal of 
varying thickness placed between crossed 
polaroids will give an interference pat- 
tern due to differences in retardation. 
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Fig. 5. Photoelastic pattern of beam. 
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In this sense the crystals act like stressed 
bakelite or glass. 

By cutting wedges of quartz and plac- 
ing them so that in one wedge slot I is 
perpendicular to slot I in the other we 
get a ‘“Babinet Compensator,” Fig. 6. 
The interference pattern of light through 
the superposed wedges is identical with 
that of a beam in pure bending. At a 
line a—a where equal thickness of both 
wedges occurs the net retardation is zero 
and a “neutral axis” results. To the 
right of a—a the pattern is like that of 
the compression side of a beam in pure 
bending and on the other side of a—a the 
interference pattern is the same as for 
the tension side of the beam. 


b 


f = | 
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Fia. 6. 


Now, if this Babinet Compensator is 
placed back of an unstressed, uniform 
rectangular section glass beam, and 
turned properly, the retardation pattern 


of the compensator appears as shown in 
Fig. 7. The distance d represents a 
relative retardation of one wave length. 

If the beam is given pure moment M 
to cause compression in the top fibers, the 
glass becomes doubly refractive, and the 
total compression retardation above the 
neutral axis will be increased and shifted 
to the left as shown in Fig. 8. The shift 
is proportional to the retardation and 


stress. 


The Experiment in Detail 


An actual reproduction taken of the 
screen pattern is shown in Fig. 9. 
Measurements taken from this figure are 
recorded on the data sheet that follows. 

fk 


Stress s = — K 
d t 


= thickness of specimen 
= distance occupied by spectrum on 
screen 
K = a constant for the material studied. 


\ = wave length of light 
t -_ 
d 


It is the boundary stress necessary to 
cause a retardation of one wave length in 
a specimen one wave length in thickness. 
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Unstressed glass beam. 
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Neutral Axis of Compensator 


Fig. 8. Glass beam with moment /. 
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Fia. 9. Typical test pattern. 


This formula for stress is Brewster’s dis- 
covery that the stress is proportional to 
retardation. 

To prevent confusion in computation 
the form of Brewster’s law from which 
theoretical stress was figured was given 
to the class in the English system of 
units. The micrometer for measuring 
thickness and height were in inch units 
and the loads were in pounds. 


White Light 


In this work white light was used and 
the techniques employed were the same 
as for monochromatic light with the wave 
length that of the so-called “tint of 
passage.” “During the transition from 
red to blue the complementary color is a 
dull purple which is very sensitive to 
small changes in (p—q)” (principal 
stress difference). ‘‘This color is called 
the tint of passage.”* The wave length 
for this light is 5893 Angstroms, equal to 
.0000232 inch. 

The form of Brewster’s Law as used 
by physicists is: 


Stress difference in _ md 
dynes/sq. em.?  @ 


“i. 
p. 169. 


Frocht, ‘“Photoelasticity,” Vol. I, 


where n is the number of wave lengths 
of retardation; » is the wave length of 
the light used in centimeters. 

C is Brewster’s constant for the ma- 
ote. an phe cm.” 
terial, is in ——————.. 

dyne X 10% 
was used as C for the glass in this ex- 
periment. 

t is the thickness of the specimen in 
centimeters. Since n is a pure number 
and since \/f¢ is a pure number, the con- 
version to English units is: 

r n\ dyne X 10% 
Stress difference = —- —_————— 
t 2.85 cm.? 
1 gram x 1 Ib. 
980 dynes °454 grams 


A value of 2.85 


2.54 em.)? 
(inch)? 





The number of wave lengths retarda- 
tion n in this experiment was f/d. 
The final formula 


Stress difference = stress 





i ‘ \ Ibs. 
= 7008 x 10 Xi mn? 


Data SHEET 


Purpose: To measure stress by photo- 
elastic me‘hods in a plain rectangular 
beam. 

Material: Plate glass 

Condition : Annealed 
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It will be noted that the nominal or 
computed stress is in good agreement 
with the optical stress found by the use 
of the Babinet Compensator. Theorists 
on elasticity prove that, if the material 
is isotropic, the nominal stress Mh/2I is 
exact. 

This agreement in values is in accord- 


ance with Brewster’s discovery that 
retardation is proportional to stress 
differences. 


Notched Specimen Experiment 


The optical method was then used to 
obtain the factor of stress concentration 
in a notched glass beam, Fig. 10. 

The image of the unstressed 
imposed on the compensator 
appears as illustrated below. 


1 


beam 
pattern 




















If it is remembered that on the free 
boundary the principal planes (consid- 
ered as slots) are one normal to and one 
along the boundary, shifted 
sator lines due to loading can be in- 
terpreted. 

The sketched image of the loaded 
specimen is shown in Fig. 11. The com- 
pensator can be “shifted” or 
tioned”’ so that the free compensator lines 
remain vertical and with their original 
but the portions of the lines in 
changed by 


compen- 


“nosi- 


spacing, 
the glass image, 
can be brought to any desired position. 
The image in the glass of the compen- 
sator neutral axis AB can be brought to 
the low point of the notch 
principal stress slot is vertical as it is 


) Bs 


stresses 


where the 
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Neutral Axis —> 
Fig. 10. 





Unstressed glass beam. 
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Stressed glass beam. 


Fig. 11. 


in the compensator. The distance f is 
proportional to the stress at the base of 
the notch. 

After measuring f, the compensator is 
again shifted until point B is brought to 
B’ directly below the center of the notch 
and reading f2 taken. Distance fe is pro- 
portional to the stress on the flat side 
opposite the notch. The data sheet ma- 

















8 8 | 
i Neutral Ax/s 


terial as obtained in this experiment is 
presented below. 

The factor of stress concentration at 
the base of the notch averages about 1.17. 
This value is in fairly good agreement 
with values found using SR-4 Electric 
Strain Gage on a notched aluminum 
beam of the same ratiq of to m as in 
the glass beam. 
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Standards and the Young Engineer 


By THOMAS 


Vice President in Charge of Enginecrin 


Standards will have an eve INCYeASLUG 
importance. They will play an expand 
ing role in the field of engineering and 
manufactured goods, in commerce ‘ and in 
many other new fields. The will alti 
mately affect the production and sale of 
all goods, 

That statement was made in January, 
1945, by a group of first-line business 
executives. The Seeretary of Commerce 
had called them into conference to advise 
him on a program for post-war stand 
ards activities. The business 
the conference was Mr. Charles E. Wil 
son, then president of the General Elec 
tric Company, now head of the Office of 
Defense Mobilization. 

The prediction, I think, has been amply 
borne out in the five remarkable years 


leader of 


since it was made. It is a commonplace 
that standardization has been an essen 
tial factor in giving us our mass produe 
tioa, our free national market, and, hence, 
our high standard of living. 
standardization has 
far beyond anything we have previously 
known. Standards are being applied to 


Today, how- 


ever, been earried 


production processes in almost every field, 
trom electronies to the packing and ship- 
ping ot fruit. 
permeating the entire fabrie of our in- 


They are more and more 


dustrial economy. 


A Dominant Characteristic of 


American Economy 


On the level, standardiza 
tion is now accepted as a basic and in- 
dispensable tool of management. Stand- 
ards activities may be carried out through 
a company-wide technical committee (as 
at General Motors and Detroit Edison) ; 


company 
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they may he the responsibility of an et 
tire division or department (as at Cret 
eral Eleetrie, Eastman Kodak and the 
Radio Corporation of Ameriea): or thes 
may be delegated as funetion of the 


engineering department (International 
Harvester, Chrysler Corporation Ke 


cardless of how the standardization is 


carried out, its usefulness is no longet 


question in the minds of company engi 
neeers, purchasing agents and produce 
tion men. 

On the industry level, our trade as 
soclations and technical societies are 
doing important work in standardization 
throughout specific industries. Many ot 
these organizations, particularly in engi 
neering, have set up standards activities 
groups within their own structure. 1 
the national level, American industry 
supports the American Standards Asso 
ciation as a clearinghouse of standards 
work. The ASA is one of 37 such na- 
tional institutions throughout the world, 
and is the American representative among 
the 29 which make up the International 
Organization for Standardization. The 
federal government has a bureau and 
engaged 
work. The 
which have always been leaders in the use 
of managerial standards (“Standard Op 
erating Procedure” is one of the best 


known phrases in military terminology), 


two divisions exclusively in 


standards armed 


seTvices, 


are now earrying out standardization 
projects of tremendous seope and im 
portance, particularly in purchasing. 
The points I want to make are simply 
these. Standardization is 


coming the 


rapidly be 
characteristie of 


And 


dominant 
the American industrial economy. 
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the importance of technical and man- 
agerial standards is more widely recog- 


nized today than ever before in our 
history. 
It is my impression, however, that 


there is one place where the importance 
of standardization is not fully recog- 
nized. That is in the nation’s engineer- 
ing and business administration schools. 


Standards Education in College 


I do not mean to say that the profes- 
sors and instructors of these schools do 
not understand or appreciate industrial 
standardization. I do not wish to imply 
that they are ignoring it. It would be 
almost impossible today to say very 
much on engineering subjects or man- 
agement administration without taking 
up such matters as purchase specifica- 
tions, manufacturing operations and proc- 
esses, methods of inspection and testing, 
and the application of statistical methods 
to quality control. Examples of basic 
standards in these fields are those for 
screw threads, interchangeable machine 
components, and innumerable kinds of 
materials used in industrial production. 

However, our American engineering 
schools, although they may deal with 
some specific subjects, such as standards 
for drawings and drafting room practice, 
with a few exceptions are not teaching 
industrial standardization as a specific 
course. Because they have failed to ree- 
ognize the full significance of the stand- 
ardization movement in this country, 
they are lagging behind industry and 
government in a field where they should 
be far out ahead. 

These conclusions are based, first on 
an examination of the curricula of the 
colleges themselves, and, secondly, on an 
examination of a good many of the young 
engineers that they graduate  semi- 
annually. 

An inspection of the catalogs of our 
engineering and business administration 
schools shows that, with two exceptions, 
none is teaching any course or courses in 
industrial standardization. An examina- 


tion of the graduate shows that he is a 


well and broadly schooled engineer. 
Never has any industry received such a 
well-trained engineer as ours is getting 
today. Nevertheless, he simply is not 
adequately informed on the theory, prac 
tice and application of standards, and 
his work shows it. 

Why is this so? That is a question 
I must leave to you in edueation to 
answer. I do ask you, however, to skip 
the reason. “The curriculum is already 
overcrowded.” If this subject has the 
importance that American industry seems 
to think it has (and it does), then that 
stock excuse has no validity. 

The young engineer graduating into 
industry today is likely to lack, first of 
all, sufficient training in the fundamental 
art of writing standards specifications. 
He has not been drilled in the fact that 
standards should be written on a co- 
operative basis. The specifications he 
turns out, therefore, are likely to be badly 
written as specs, impractical, costly or 
impossible for the shop to follow. Or 
the young designer will create something 
special when a standard product, which 
will do as well or better, is readily avail- 
able in the market at a great deal lower 
price. This means that his lack of knowl- 
edge of standards results in increased 
capital costs, money lying idle in stores 
inventory, and high maintenance expense. 

The young engineer is likely, more- 
over, to have received standards train- 
ing in his own field only. That would 
seem to be inevitable as long as stand- 
ardization is taught as a subordinate 
part of other courses. Professors of 
engineering are specialists—very able spe- 
cialists, to be sure, but specialists—in 
their own field. The highly integrated 
pattern of our industrial economy, of 
course, is such that standards training in 
one field only is quite inadequate. Stand- 
ards enter into virtually everything a 
company designs, produces, inspects, sells 
and (most particularly) buys. The stand- 
ards of definition, dimension, perform- 
ance, testing and safety are all interre- 
lated, and it is not enough to know one, 
two or even three of them. 
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STANDARDS AND THE 


The graduating engineer, finally, is 
likely to look upon standardization as 
merely a technical function, instead of 
standardization being as integral part of 
industrial and business management as 
well. He may have an adequate under- 
standing of dimensional standards for 
steel sections for the building industry or 
of standardization of permissible stresses 
for steel structures, but he will be a rare 
young engineer if he has any concep 
tion of the administrative machinery by 
which standards are established and in 
troduced into practice, or of the value 
of standards from the management point 
of view. If he has not learned this in 
college, there is, unfortunately, almost 
no place where he can be sent for special 
training in this field. 


Standardization—A Powerful 
Economic Factor 


Lack of knowledge of standards and 
training in standardization technique can 
handicap and perhaps personally em 
barrass the young engineer; but that is 
unimportant compared to the effect it can 
have on the company that hires him. 
Let me illustrate. 

The literature of standardization is 
filled with hundreds of striking examples 
of great savings that companies have 
made through standardization. Here are 
two typical cases picked at random. 

A company had been paying $60 per 
hundred for a certain type of bolt. It 
found that it could use a bolt complying 
with the American Standard that cost 
$9 per hundred. 

A company found that it could reduce 
the number of metal washers it was using 
in its products from 1350 varieties to 150 
standard types. It saved $25,000 in one 
year by doing this. 

Now we can rejoice in the savings and 
added efficiency these examples demon- 
strate. 3ut on soberer thought, the 
question arises: How did that happen? 
Why was the one company using a non 
standard bolt in the first place? How 
did the other company, in an age of 
standardization, come to be buying and 
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storing sO many unnecessary types of 
washers? 

The answer is fairly obvious. Some 
engineer, or engineers, because there was 
no systematic standardization set-up in 
their company, designed them, requisi 
tioned them, or ordered them. In one 
case, their error cost their company an 


annual waste loss of $25,000. In the 
other, it caused the company to pay $51 
too ch for every 100 bolts it used. 


Suca conditions may eventually be cor- 
rected—by someone who knows the im 
portance of standardization. But the 
engineers who originally helped to create 
these conditions eventually rise to head 
their departments, divisions or even 
their companies. Unless they have mas- 
tered the theory and practice of stand- 
ardization through practical experience 
on the way up, as is often the case, they 
may conceivably continue to permit con 
ditions of this kind to develop on a far 
larger scale. 

That such situations have been com- 
pounded on an industry-wide and na 
tional seale is becoming more and more 
apparent to all who study and report on 
the American industrial economy. Fac- 
tory Magazine, tor instance, has stated 
that American industry as a whole would 
gain about 650,000 man years of work a 
year if it used modern materials han- 
dling methods. The Magazine of Build- 
ing recently estimated that more than a 
billion dollars a year could be saved by 
widespread use of dimensional coordina- 
tion on the four-inch module. One promi- 
nent industrialist addressing the Ameri- 
can Society of Mechanical Engineers 
last year declared that American busi 
ness was losing about three billion dollars 
yearly in defective and rejected mer- 
chandise. 

I said there are two exceptions to the 
statement that no American school teaches 
industrial standardization as a subject. 
They are Columbia University and Mas- 
sachusetts Institute of Technology. Co- 
lumbia’s Department of Industrial Engi- 
neering, has, since 1947, held an annual 
course of 14 night classes on the practice 
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AND 


and application of industrial standardi- 
zation. It is taught by Dr. John Gail- 
lard, who is a lecturer on the Columbia 
faculty and a mechanical engineer on 
the staff of the American Standards As- 
Dr. Gaillard also holds a week- 
long seminar on standardization twice a 
year, which has been attended by more 
than 100 conferees representing 73. or- 
ganizations, including 63 private com- 
panies, two trade associations, an engi- 
neering college, five agencies of the armed 
services, and two foreign national stand 
ards bodies. 

Last fall the Department of Business 
and Engineering Administration of Mas- 
sachusetts Institute of Technology began 
the first college standardization 
in this country that is taught as a full- 
term subject in a regular curriculum. It 
is conducted by Mr. Leo B. Moore, who 
was among those who attended Dr. Gail- 
lard’s first seminar on the subject back in 
1947. 

It is only a matter of time, I think, 
until we see such courses as these in most 
or even all our engineering and business 
administration normal 
cumstances, it would not matter vitally 
whether that time was a year away, or 
two, or Today, however, time is 
We are in the middle of 


sociation. 


course 


schools. In clr- 


five. 
running short. 


THE 


YOUNG ENGINEER 
# world conflict in which it is not at a 
certain that we will win or even survive 
It seems obvious that to win that war, 
we must stop wasting our resources and 
make the best possible use of what we 
have. We must push to the limit the 
benefits of mass production—the supply 
ing of a large yolume of goods (both 
civilian and military) of sound quality 
at low eost. 
Standardization 
these things. 


help us do all 
It is not the sole remedy, 
certainly, for all our problems, nor even 
for all our production problems; but it 


can 


certainly is an indispensable function 
that must constantly be applied to its 
full extent if American industry is to 
operate at anything like its potential 
level. 

In developing this program, there is a 
tremendous job of education to do in gov- 
ernment, in industry, in the 
that 


begin with the educators 


armed sery 
Unfortunately, educational 
must 
The engineering and_ busi 
ness administrative schools of this coun 


ices. 
program 


themselves. 


try, I am convinced, have both a respon 


sibility and an opportunity in further 


exploring the industrial technique that 


has made this country productive and 


strong. 
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Retention of Mathematics 1n Mechanics 


By JOHN W. CELL 


Vathematies, 


Professor of 


{ good point of departure in any 


con 


sideration of teaching methods ts a 
evaluation of the students to be taught. 


And since the first students we meet are 


] 


freshmen, let us begin the discussion of 
Retention of Mathematies in Mechanies 


with them. 

The beginning freshman must learn 
to study. No longer can he get by 
with fifteen minutes of outside prepa- 


He 
the English lan- 
guage as a basis for subsequent 
ing. He must 
I trust that 
in a very real sense, teachers of English. 
And I that you 
we proceed with this discussion that, as 


ration on an assignment. must in- 
crease his command ot 
learn 
word 


master problems. 


we all realize that we are, 


suspect will realize as 
teachers of mechanics, you are all teachers 
of mathematics and physies as well. 
The knowledge of 
algebra and geometry is likely to be frag 
mentary, if not actually faulty. He can 


freshman’s basic 


probably transpose and cross-multiply 
and eancel (secant 2/sine «= eat/i=a 
one-eyed cat). But often he does not 


understand that one can multiply both 
sides of an equation by a number and 
have an equivalent equation; that actually 
one ean add fractions only when they 
have the that there 
are laws of exponents for multiplication 
and but 
subtraction; and so on. 


same denominator: 


division not for addition and 


*This paper contains a part of the 
writer’s presentation at the ASEE 
School for Mechanics Teachers held 
State College in September of 1950. 
the remarks addressed to the 
of mechanics, the ideas are equally applica 
ble in other fields of engineering. 


Summer 
at Iowa 
While 


are subject 


Vo 


th Carolina State ¢ 

This freshman may be from almost any 
level of his high school el: depending 
in part on the mode of selection exer 


cised by the individual college. I an 


told that it is quite possible for the poor 
] 


student in high school to know very little 
more at the time of graduation than the 
vood student knows as a high school 


freshman. Nevertheless, at many col 


leges their diplomas command equal con 
sideration. 
The Le arnine -Forae tting Curve: Every 
g , 
“€ 
(like 


learning-ltorgetting 


freshman evervbody 


individual 


college eise ) 


has an 


curve. Fig. 1 gives a schematic explana 
tion of the learning and forgetting that 
a typical student may well have ex 


perienced when he begins his study of 


mechanies, and later, mechanics of mate- 
When we 
topic we must realize that we 
ing with human ben 
frailties. 

Influence of Advanced Students: An 
other thing that affects 
student and his retention 


rials. discuss retention of any 


are deal 


evs and their normal 


the freshman 


is the informa 


tion that trickles back from upper 
elassmen. If juniors and seniors tell him 
that they are using algebra and trigo 
nometry in their study of mechanies, 
they exert a more telling influence than 
any sales talk from teachers of mathe 
maties ean do. If, however, advanced 


students tell the sophomores about being 
penalized in a subsequent course because 
they used methods of ealeulus when the 
teacher wanted them to use the 
then the reverse effect is achieved. 

Fundamentals: 


formula, 


There is a tendency in 
many departments to treat each student 
as though he were going to do graduate 
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CURVE of 


4 The QUADRATIC 


OF MATHEMATICS 





IN MECHANICS 


LEARNING ond FORGETTING 


FORMULA 








H.S Alg. PG SG CA T AG GsPhy Mech Sr 
Time 
' 
Pid ds 
work in their fields of study. The too much or too advanced course material 


teacher of mechanics of materials, for 
instanee, is tempted to anticipate some of 
the subject matter taught in the senior 
courses in civil engineering. He finds 
time for the advanced topics by neglect- 
ing some of the fundamentals (as well as 
the uses of mathematics). This tendency 
to over-reach immediate topics is not sur- 
prising, since all teachers naturally like 
to teach the more advanced work. This 
complaint suggests another: It is unwise 
to try to exhaust every topic the first 
time it appears, as though it would not 
be treated again in other courses. For 
example, modern texts in physies contain 
all the information that was there when 
you and I took that course with the addi- 
tion of new chapters on electronics and 
radioactivity and other recent ideas. 
Some of the problems in those physics 
texts dealing with mechanics and strength 
of materials would be more appropriate 
in the engineering courses that follow. 
This same criticism is valid for some re- 
cent texts in mathematics. They have 
all the material that was present thirty 
years ago, with the addition of new 
topics that engineering professors want 
us to teach; but we have no increase in 
time to teach the new material. I men- 


tion these two common defects in teach- 
ing because I believe that the piling on of 


is an actual deterrent to remembering 
the fundamentals. 

Continuity of Instruction: One device 
that can aid tremendously in retention is 
that of continuity of instruction. For ex- 
ample, in the freshman course in analytic 
geometry we teach the locus-derivation 
method for writing equations of curves. 
If we teach it with the realization that 
it is the student’s first introduction to 
what is later to be stressed as the engi- 
neering or scientific method for the 
analysis and solution of engineering prob- 
lems, then the student will be more recep- 
tive later to the engineering method. 

This idea of continuity of instruction 
can take many forms. One approach 
would be for us to ask whether varions 
modes of solution as traditionally taught 
really aim toward over-all objectives. 
For instance, consider the short-cut. It 
may be that a method of solution that 
takes several more steps and more time 
is a better method of solution than the 
short-cut. If so, should we cling to the 
time saver? One example of this can be 
had from solid analytic geometry. There 
is a good formula in the texts for finding 
the acute angle of intersection of two 
lines. Fig. 2 suggests a problem in 
which the student could apply this for- 
mula. But he can also solve the problem 
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RETENTION OF 


of finding the angle between the two 
cuys) from another figure and by the 
use of the law of cosines. When he 
draws the required figure and applies 
the law of cosines, he is developing skill 
n a basic technique and in the manipula- 
tion of fundamental ideas. I believe that 
his finding the actual amount of the 
angle is not so important as the develop- 





ment of skill inherent in the longer 
method. 
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This particular figure could be used 
even in high school in teaching solid 
geometry, for the same reason that I like 
to use it in my freshman classes. It sug- 
ests other things besides the stated prob- 
lem. It may stimulate the learning and 
retaining process because it implies fu- 
ture use of the topic at hand, and because 
it involves’ something that may be of 
much more interest to the student than 
the mathematics being learned. Judicious 
use of problems that foreshadow future 
uses (but do not teach subsequent ideas) 
ean certainly stimulate classroom atten- 
tion and the resultant retention of ideas. 
Apropos of this same figure, teachers of 
mechanics would do well to make specific 
reference to the law of cosines when they 
start teaching the vector law. Perhaps 
half of the students of every class (be- 
cause of their learning-forgetting curves) 
need a brief review of the law of cosines, 
and the teacher would help their reten- 
tion by careful use of this law rather than 
by starting them afresh with a new idea 
which they will equally forget. 


MATHEMATICS IN MECHANICS 10 


construction 
outline of the 


Outlines: The 
in class of an 
ideas already learned in a course, to- 
gether with what lies 
ahead, can help in this matter of reten 
tion. After more than twenty years, | 
well remember the outlines that appeared 
Strength 
diffierent 


periodic 
basie 


anticipation of 


in Professor Seely’s elass in 
of Materials, always with a 
sequence of oral questions that helped us 
to fill in the details of the outline. 

Three Kinds of Mathematical Knowl 
edge: One type of mathematics is that 
which the student should 
finger tips, such as the quadratic formula, 
the trigonometric 
(A+B), or the derivative of sin uw 
with respect to x. A second kind is that 
knowledge which the student should know 
where to find when he needs it. And a 
third body of knowledge is that which the 
student ought to be able to develop and 
frequently should develop on the basis 
of the ideas that he himself commands. 
This habit of reaching for tables of 
formulas at every opportunity certainly 
is not calculated to give to the student 
confidence and maturity. For example: 
Suppose that we were faced with the 
need of replacing cos lla sin 4x by a 
sum or difference of trigonometric fune 
tions. Every text on trigonometry and 
every set of tables gives a formula for 
doing this. But the following procedure 
has merit: 


have at his 


expansion for sin 


sin (llx+4ar) = 

sin llx cos 4a + cos 11a sin 42 
sin (lix —4r) = 

sin llx eos 4x — cos 112 sin 4r 


We subtract and obtain sin 1527 — sin 7z 
= 2 cos Ile sin 42, which is essentially 
the required formula. I can well re- 
member seeing Dean Carmichael at the 
University of Illinois work out just such 
a relationship as he taught a class in 
advanced mathematics. I learned from 
that peerless teacher something of the 
art of basing instruction on fundamentals, 
and on the progression from the known 
fact to the desired solution. No teacher 
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LOAD, SHEAR. and BENDING MOMENT 
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need apolgize tor making each step Continuity vs. Diversity: Mathematics 


utterly clear, so long as he bases his pres- 
entation on the immediate fundamental. 
More important as a consequence of such 
instruction is that it engenders thinking 
and insight, and no amount of handbook 
referencing ean do this. 

The delta process, as taught in every 
course in caleulus, is a good example ot 
what mathematicians regard as a fun 
damental topic, and is one which may be 
considered profitably as we discuss con- 
tinuity of instruction. Teachers of cal- 
culus utilize this process as the basis of 
almost every derivation throughout all of 
differential caleulus. We obtain the 
derivative of a product by its use, the 
Thus the 
student is exposed repeatedly to this idea. 
His retention of mathematics, therefore, 
is greatly stimulated if later in under- 
graduate engineering the delta process 
is used wherever feasible. Fig. 3 is a 
tvpical figure taken from a text on Me- 
chanics of Materials, except that the di- 
mensioning is that of the delta notation 
rather than that of the differential. De- 
rivations by both methods are equally 
correct. But proof by the delta process 
affords continuity of instruction. More 
over, the delta-process derivation does 


derivative of sin u, and so on. 


not give rise to the false impression that 
certain approximations have been made 
infinitesimals 


“by neglecting of higher 


order.” 


teachers spend some time on moments 
while showing applications of integration. 
Simultaneously the physics teachers are 
discussing the idea of centroid and mo- 
ment of inertia. And mechanics teachers, 
more than any others, use moments. How 
much time and emphasis are the proper 
function of each department involved in 
this instruction, and how 
lapping is good? And, more important 
still, is there continuity of instruction, or 
is there such diversity of presentation that 
the student is bewildered? Should mathe- 
matics teachers assign composite bodies 
and require the students to compute the 
centroids and moments of inertia? I do 
not think so; that is material that me- 
chanies teachers properly stress. Should 
the physies classes utilize problems in 
motion such as that of a wheel with 
spokes for which the appropriate moment 
of inertia is computed by sundry rules? 
Again it seems to me that such ideas 
lie in the province of mechanics. Ideally, 
these three departments should synchro 
nize their courses, leaving to the me 
chanics department the task of welding 
the total knowledge. If we have three 


much over- 


radieally different approaches, we will 
only promote the evil of “compartment” 
The trend to appoint com- 
within a 
content and 
salutary results. 
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mittees 


eourse 
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Quizzes and Visual Aids: There are participants in terms of better insight 
other devices that can aid the student into related material. 
in retention of knowledge. One of the Summarization: IT am aware that this 
hest of these is the cumulative quiz, diseussion is not exhaustive. Indeed, ne 
which we are using with good, results at teacher can impose upon any other a 
N. C. State College. On our mathematics — total method. Each teacher. through his 
quizzes about half the questions are on knowledge of the entire field of which he 
current material, and half deal with ma 
terial that has preceded in the same term. 
Furthermore, we are learning how to slip 
in questions involving basic knowledge 


is a part (in this case engineering eduea 
tion), and through experience, develops 
his own teaching philosophy and_ tech 


‘ 2 niques. I hope, however, that we ean all 
from earlier courses in the guise of prob 


lems on current material. 

Still another method of aiding reten 
tion is the use of visual aids of various 
tvpes—but only as teaching aids. 


agree upon the principles herein pro 
posed. We ought to teach our several 
courses so that we ineite a maximum 
amount of retention. We ought to teach 
so that the word filters back to the fresh 


Interchange of Teachers Between De 
man and the sophomore that he had better 


partments: Many teachers could be bet 
ter prepared to help the student's reten- 
tion if they had clearer insights into 
subsequent uses of the material they are 
teaching. The occasional interchange ot 
teachers between related departments — not always to teach the short-cut method. 


learn his mathematics, his plhvsies, and 
his English. We ought to seek con 
tinuitvy of instruction throughout the 
entire engineering curriculum. We ought 


with frequent conferences attended by the We ought to teach toward objectives and 
exchange teachers and their colleagues not as though our course will have th 
can have a remarkable effect. Even fre last word on the subject. And we ought 


quent committee sessions on interrelating to strive for a better understanding of 
subject matter may be beneficial to the — related material. 


DR. DUGALD C. JACKSON 


Dr. Dugald C. Jackson, President of the American Society for Engi 
neering Education 1906-07, died on July 1, 1951 at his home in Cam 
bridge, Massachusetts. 

Dr. Jackson graduated from Pennsylvania State College in 1885 and 
for two years served at Cornell University as a fellow in electrical engi 
neering. After sixteen years on the faculty of the University of Wisconsin, 
he joined the faculty at the Massachusetts Institute of Technology where 
he was Head of the Electrieal Engineering Department for his full term 
of service. 

Dr. Jackson served as a lieutenant-colonel of engineers during the first 
World War and in 1929, President Herbert Hoover appointed him as a 
representative of the United States at the World Engineering Congress in 
Tokyo. 

In 1931 Dr. Jackson was awarded the Lamme Medal by the ASEE, on 
of many honors he received in his long and distinguished career 








TIMELY TIPS 


Graphical Representation of Kinetic Energy Changes for 
an Adiabatic Irreversible Expansion 


By WILLIAM B. NORDQUIST 


Assistant Professor of Mechanical Engineering, University of Washington 


The problem of interpreting a tem- 
perature-entropy diagram for an irre- 
versible adiabatic expansion of steam in 
a nozzle is baffling to many students of 
Elementary Thermodynamics.  Inspec- 
tion will show that at any point, if 
momentary equilibrium is assumed, the 
steam will be drier than for the corre- 
sponding pressure point had the steam 
expanded isentropically. Drier steam 
means an increased specific volume, 
which, for a given nozzle cross-sectional 
area, would indicate a greater steam 
velocity. This argument, if carried 
through to the exhaust pressure, would 
lead to the paradoxical conclusion that 
friction will increase the useful work out- 
put of the vehicle. 

The purely mathematical approach to 
this phenomenon, in terms of differential 
equations of reversible processes, is of 
small value. The average student is 
either being currently bewildered by the 
calculus, or, having recently completed 
the course, is not yet too sure of what he 
has learned or how he can apply it to a 
physical problem. From the standpoint 
of effective teaching, it is much more 
satisfactory to substitute a graphical 
analysis, even though it lacks, to a small 
degree, the complete rigorousness of an 
abstract mathematical approach. 

The following method has been used 
quite successfully : 

Assume that a perfectly designed fric- 
tionless nozzle (Fig. A) has concentric 
rings 1’—2, 2’—3, 3’—4 welded to it as 
shown. Thesteam entering at 1 would ex- 


pand isentropically from 1’—>1, become 


momentarily turbulent from 1’ — 2, 


ex- 


pand isentropically from 2— 2’, again 
becoming turbulent from 2’— 3, ete. 
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GRAPHICAL REPRESENTATION 


Now, considering the T-S diagram ( Fig 
B), the inerease in kinetic energy of the 
steam as it expands from 1 to 1’ will be 
the entire area, both plain and dotted, 
to the left of 1—1’. As the steam flows 
past the ring, a portion of the useful 
kinetic energy (in this case the dotted 
area to the left of a—1l’) will he changed 
to turbulent energy. For simplicity, it 
is assumed that the energy of this turbu 
lence is dissipated and absorhed by the 
vehicle isothermally, and that as the 
steam leaves the down stream side of the 
welded ring, it is again in quasistatic 
equilibrium with point 2 in Figure B 
representing its state. From the Gen 
eral Energy relationships of an adiabatic 
expansion, the dotted area to the left of 
a—l’ is equal to the dotted area under 
1’—2. The steam is again expanded 
isentropieally from 2— 2’ and then past 
ring 2’—8. As the vehicle reaches point 
3, its useful kinetie energy is the sum of 
the areas to the left of 1—a and 2—h. 
The dotted areas to the left of a—l’ and 
h—2’ have been completely used up as 
turbulent friction and reappear as iso 
thermal heat transfers under lines 17—2 
and 2’—3. 
peated until the steam emerges from the 
nozzle at point 4’. 

The enclosed area 1, 4’, 7, 8, 9, 1 of 
Figure C is representative of the useful 


The above arguments are re 


kinetie energy of the vehicle leaving the 
nozzle, plus what had at one time been 
turbulent energy. This turbulent energy 
is proportional to area 1, 4’, 5, 6, 7, 1 
(Fig. C). Subtracting this latter area 


OF KINETIC ENERGY CHANGES 


tn 
~ 


1, 4’, 5, 6, 7, 1 from the former area 1, 
1’, 7, 8, 9, 1, will leave an area represen 
tative of the useful kinetie energy of the 
jet. 

It can be seen from this that, because 
of turbulence and friction, the inerease in 
kinetic energy, had the steam expanded 
isentropically from pressure 1 to pres 
sure 7, is greater than the irreversible in 
crease in kinetie energy by area 4, 5, 
6, 7, 4. 

By this means ot presentation, several 
additional 
pointed out to the students. 


interesting facts ean be 


1. Not all of what was once turbulent 
energy is wasted. Almost all of the 
anea 1, 4’, 7, 1 (Fig. C) was re 
salvaged for useful work. 

2. Friction and turbulence in the 
adiabatic case are not nearly as dis 
astrous at high temperatures as at 
low temperatures. Note that al 
most half of the area to the left of 
a—l was re-used as useful kinetic 
energy, but only a small percentage 
of the area to the left of e—3 ean 
be salvaged. 

Oceasionally, an exacting student will 
object to any sort of line from l’—2, 
2’ — 3, ete, on the T-S diagram because 
of the non-homogeneity of the vehicle. 
Usually, he can be placated by consider 
ing these isothermal lines to be made up 
of points representing momentary equi 
librium of the vehicle as it is absorbing 
the effects of the deeadence of the tur 
bulent energy. 


Cooperative Division to Hold Third Annual 
Mid-Winter Meeting 


The Cooperative Division of the ASEE will hold its Third Annual Mid- 
Winter Meeting at Northwestern University, November 8th and 9th. The 
program is planned to be a part of the Technological Institute’s program 
in the Centennial celebration of Northwestern University this year. 








Minutes of Executive Board Meeting 


A meeting of the Executive Board of 


the American Society for Engineering 
Education was held on Monday, June 25, 
1951 at Michigan State College, East 


Lansing, Michigan. Those present were: 
F’. M. Dawson, President, H. H. Armsby, 
A. B. Bronwell, L. E. Grinter, G. A. 
Rosselot, C. L. Skelley, F. E. Terman, 
and B. Bowen. 


Report of the Secretary 


The Secretary presented a written re- 
port summarizing the year’s activities. 
He reported that the General Education 
Board grant to the Southeast Section for 
research fellowships had terminated and 
that the balance of the funds will be 
returned to the General Education Board. 


Report of the Treasurer 


The report of the Treasurer was pre- 
sented, including the tentative annual 
audit. The Treasurer stated that the in 
come and expense statement showed a 
small net addition to surplus during the 
past year. However it would be neces- 
sary to draw .upon the Special Projects 
Reserve Fund to the extent of approxi- 
mately $400 for special projects con- 
ducted during the year. 

There a as to how to 
handle the ECRC accounts, owing to the 
deficit which is offset by the inventory of 
publications. A motion 
passed to establish a revolving fund, with 
the following provisions: (1) The Execu- 
tive Board is to set up an account for the 
Engineering College Research Council, 
(2) To this account will be transferred 
the balance in the ECRC reserve amount 
ing to $1,315.03, (3) The Executive Board 
voted an additional $400 from the Spe- 
cial Projects Reserve to the new ECRC 
fund, (4) All current cash 


was discussion 


unsold was 


revolving 


54 


deficit or unpaid bills for the year end- 
June 30, 1951, shall be charged 
against this new account (it is estimated 
that. these amount to $1,635), (5) It is 
the desire of the Executive Board and of 
the Parent Society that the Research 
Council use this new account as an oper 
ating account to which will be deposited 
all receipts and from which all expenses 
will be paid, (6) The Executive Board 
also will deposit to this revolving fund 
the annual budget appropriation to the 
ECRC. 

The Treasurer reported that the pro 
posed budget for 1951-52 


ing 


52 is considerably 
more stringent than the budgets of pre 
ceding vears, owing to rising costs. The 
Society has been notified of a nine per 
cent inerease in eosts of publication of 
the JouRNAL. 
proximately 


This item alone adds ap- 
$2,000 to the 


$2, annual 
penses of the Society. A motion to ap- 


ex- 
prove the budget was passed. 

It was voted that 
Society be appointed to solicit advertis 
ing for the Journal of Engineering Edu 


a committee of the 


cation. 

Report of the Vice-Presidents 
Vice-Presidents Armsby, Grinter, Ter 

man, and Rosselot presented written re 

ports on the activities of the Society’s 

and Branches, Ad- 

ministrative Council, and Research Coun- 


Sections Divisions, 


ceil. These are summarized in the minutes 
of the General Council meeting of June 
25, 1951. 


Fall Meetings KC AC 


1951 


of KBCRC and 


The Board voted to hold the Fall meet- 
ings of the General Council, ECRC and 
ECAC in Houston, Texas, after the Land 





MINUTES OF EXECUTIVE BOARD MEETINGS 


Givant College meeting, which is to be 


held November 13-14. 


iSEE 


Control of Questionnaires 
Members Making Surveys 


Used by 


The Board discussed the problem of 
the burden placed upon administrative 
persons and faculty members by the 
numerous questionnaires which have been 
sent out by members in the name of the 
Society. It was the consensus of opinion 
that the Society should not attempt to 
control long as the 
ASEE that the 
problem should be brought to the atten 
tion of the members of the Society. 


questionnaires as 


name is not used, but 


Location of 1953 Annual Meeting 


The Board voted to hold the 1953 An 
nual Meeting at the University of Flor 
ida, the dates to be worked out with the 
host institution. 


Dues of Faculty Members on Leave in 

Industry 

The Secretary presented a letter which 
raised the question ot 
members who are on 
versity or college to 
There is a standing regulation of the 
Executive Board that only 
whose full-time activities are devoted to 
university work are entitled to the lower 
dues status. It was decided that faculty 
members on leave for short periods might 
be continued with dues status unchanged, 
but that if they continued their outside 
affiliation for a period of more than a 
year, they should be given the dues rating 
of industrial people. 


dues of faculty 
leave from a uni 


work in industry. 


members 


Application for Affiliate Institutional 
Membership 
The Board voted to approve the appli 
cations of Wentworth Institute and RCA 
Institutes for Affiliate Institutional 
Membership. 


Additional Agenda Items 


The following items were considered by 
the Executive Board and referred to the 
General Council for appropriate action. 


“a 
a 


They are explained in the minutes of the 
General Couneil meetings of June 25 and 


27, 1951. 


l. Unity of the Profession 
2. The Society’s participation in the 
civil defense program. 


oo. Resolution on postage stamp com 


memorating the centennial of engineering 


A meeting of the Executive Board ot 
Society for En 
Edueation was held on Wednesday, June 
27, 1951, at Michigan State College, East 
Lansing, Michigan. Those present were 

. M. Dawson, President, H. H. Armsby, 
A. B. 


the American rineering 


Bronwell, L. E. Grinter, G. <A 
Rosselot, C. L. Skelley, F. E. Terman, 
S. C. Hollister, J. H. La pe, and b 


Bowen. 


| pplication for Technica Institute 


Branch 


A motion was passed authorizing the 
Milwaukee School ot 
form a Technical 


Engineering to 
Institute Branch. The 


Executive Board requested that the des 


ignation Technical Institute Branch be 


used in order to differentiate between 
branches of the Society in technical 
institutes and those in engineering col 


leges. It was pointed out that it has been 
the policy otf the ASEE to prohibit any 
Branch trom using this affiliation for ad- 


vertising or public relations purposes. 
New Projects 


The Board voted that the officers of the 
Society be authorized to seek funds for 
two projects: (1) a survey of adequacy 


of standards in engineering education, 


and (2) the current project of the Com 


ny. 


mittee for Improvement of Teach 
Institutional Membership 


Dean Hollister proposed that the Board 


authorize a study to be instituted by 
the officers relating to the development 
Memberships 


Secretary re- 


Institutional 
industries. The 

ported that the Society has only six As- 
Institutional 


ot Associate 


among 


sociate memberships. It 
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was felt that now was an opportune time 
to get industry to take a more active part 
in the Society. No action was taken. 


Advertising 


The Executive Board voted to author 
ize a committee to solicit advertising for 
the JOURNAL. 


Unity of the Profession 


It was moved and passed that the fol- 
lowing resolution be recommended for 
favorable action to the General Council. 

“Your Executive Board believes that 
ASEE should be included in any group 
of societies which may unite in establish- 
ing any unity organization such ‘as is 
contemplated in the report of the ex- 
ploratory group representing this and 
several other societies. The Board ree- 
ommends that ASEE cooperate fully 
with the professional engineering socie- 
ties which are endeavoring to promote 
increased unity of the engineering pro- 
fession, and that ASEE join in the for- 
mation of the proposed unity organiza- 
tion, provided that it is so constituted 
that ASEE as a constituent member so- 
ciety may retain its present requirements 
for membership.” 


Centennial Engineering Stamp 


The Board voted to recommend to the 
Council endorsement of the issuance of 
a postage stamp commemorating the cen- 
tennial of engineering, as proposed by 
the American Society of Civil Engineers. 


Committees 


It was voted to discharge the Commit- 
tee on Industrial Safety, Hygiene, and 
Fire Prevention, as recommended by the 
Committee’s officers. 

The Executive Board voted to author- 
ize the appointment of a Committee on 
Civil Defense. 


Registration Fee at Annual Meeting 


The 
problems of 
Meetings of the 


Executive Board considered the 
financing future Annual 
Society and recom- 


mended to the Couneil the adoption of a 


plan which is stated in the Council Min- 
utes of June 29. 


ECRC Committee on 


The letter from the ECRC, respecting 
the appointment of a committee to rep- 
resent the American Society for Engi 
neering Education to study the problems 
of college and university contract rela- 
tions with the federal government was 
discussed by the Executive Board. The 
following motion was approved. 

“There is authorized the appointment 
of an advisory committee of the Ameri- 
ean Society for Engineering Education, 
responsible to the Research Council, to 
study intensively the problems of college 
and university contract relations with the 
federal government. This committee 
would be charged : 


Jontract Relations 


1. To prepare a statement outlining 
the consensus of university require- 
ments ; 

2. To implement this statement by ap- 
propriate presentations in coopera- 
tion with other university groups 
concerned ; 

3. To discuss with federal officials on 
any problems of immediate con- 
cern during the period in which the 
statement was in preparation; and 

4. To advise the appropriate agencies 
of the federal government regarding 
the existence and functions of the 
committee. 


It is understood that the statement of 
university requirements should be cir- 
culated among all institutional members 
of the Society for their comments before 
publication.” 


Committee on Sections and Branches 


Dr. Armsby presented the following 
recommendation of the Committee on 
Sections and Branches: 


1. That the Committee on Sections and 
Branches be continued as now con- 
stituted. 
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2. That each Section be authorized to 
indicate the definite geographic area 
for which it wishes to assume re- 
sponsibility, that the Chairman of 
the Committee on Sections and 
Branches conduct negotiations as re- 
quired to avoid duplication and to 
insure that the entire country is 
covered; and that the resulting 
areas be submitted to Council for 
approval. 

3. That following approval of defi- 
nite geographic areas, each appli- 
cant for membership be given op- 
portunity to indicate the Section 
with which he or she desires to af 
filiate, and that the same oppor- 
tunity be given to all present mem- 
bers not already affiliated with a 
section. 


College 


Engineering professors and_instruc- 
tors at the State University of Iowa 
have been spending time lately brushing 
up on their teaching theories. The re- 
sults, the professors admit, have been 


surprising. Originally planned as a re- 
fresher course in the fundamentals of 


teaching, a program was designed for 
younger staff members of the university’s 
college of engineering. It was part or 
a national effort sponsored by the Ameri- 
ean Society for Engineering Education 
and consisted of weekly meetings and 
panels extending from February to May. 
The program was carried out in coopera- 
tion with the university’s college of edu- 
‘ation, which supplied many speakers on 
educational theory. On alternate weeks, 
the engineering staff formed a panel to 
discuss what the educators had presented 
the week before. 


More than 5200 engineering research 
projects, representing annual expendi- 
tures of over $50.5 million, are now ac- 


The proposals were approved by the 
Executive Board. 


Invitation to Membership on the Coop- 

erating Committee of AAAS 

It was moved that the officers be au- 
thorized to take appropriate steps to 
comply with the request from the AAAS 
Cooperative Committee on the Teaching 
of Science and Mathematics, if in their 
judgment such cooperation is desirable. 
The motion was passed. 


Appointment of the Secretary 


The Board voted to re-appoint Arthur 
B. Bronwell Seeretary of the Society for 
the year 1951-52. 

Respectfully submitted, 
ArTHUR B. BRONWELL, 
Secretary 


Notes 


tive in the engineering schools of Ameri 
san colleges and universities. These fig- 
ures highlighted the bi-annual report of 
college and university research in the 
engineering prepared by the 
Engineering College Research Council 
of the American Society for Engineering 
Education, and released by Gerald A. 
Rosselot, chairman of the Council and 
director of the State Engineering Ex- 
periment Station at the Georgia Insti- 
tute of Technology. 
ects, which cover all fields of engineering, 
represent the work of more than 11,500 
faculty, graduate students, and research 
engineers, Dr. Rosselot reported. With 
only a few exception, he said, the proj- 
ects are devoted to fundamental studies. 
Many are sponsored by federal govern- 
ment and state and industrial groups, 
but an important part of the activity is 
supported by general funds available for 
the educational programs of the insti- 
tutions. 


sciences, 


The research proj- 





Minutes of General Council Meeting 


A meeting of the General Council of 
the American Society for Engineering 
Edueation was held on Monday, June 25, 
1951, at Michigan State College, East 
Lansing, Michigan. Those present were: 
President F. M. Dawson, H. H. Armsby, 
L. KE. Grinter, G. A. Rosselot, F. E. 
Terman, C. L. Skelley, A. B. Bronwell, 
T. Saville, C. J. Freund, C. E. MacQuigg, 
R. S. Glasgow, C. A. Moekmore, L. O. 
Stewart, H. C. Spencer, F. J. Lewis, 
W. A. Koehler, T. T. Aakus, G. K. Pals 
grove, M. T. Ayers, M. P. Capp, D. S. 
Clark, J. H. Rushton, C. E. Bennett, 
H. A. Bolz, R. L. Shurter, J. C. MeKeon, 


H. W. Barlow, W. H. Carlson, H. H. 
Wheaton, R. D. Landon, H. K. Justice, 
H. R. Beatty, E. R. Walker, K. L. 


Holderman, L. R. Blakeslee, E. R. Me- 
Kee, M. B. Robinson, W. M. Lanstord, 
Kk. C. Clark, J. E. Thornton, R. Z. Wil- 
hams, G. B. Hoadley, E. Laitala; and 
invited guests were: J. A. Hannah, J. 
Weil, C. Muhlenbruch, W. P. Kimball, 
L. G. Miller, W. R. Woolrich, and B. 


Bowen. 
Re port of the. Secretary 


The Secretary submitted a written re 
port on the activities of the Society 
during the past year. He stated that 
the Society had received a letter from the 
Secretary of the State of Illinois that its 
request for incorporation as a non-profit 
corporation in the State of Tllinois had 
heen approved. 

The Secretary announced the renewal 
of the agreement with the Westinghouse 
Educational Foundation, providing for a 
continuation of the Westinghouse Award 
on the same basis as the original contract. 

The Secretary announced that approxi- 
mately 550 new members were added to 
the membership rolls during the past 


5 


year and that the resignations and deaths 
total 327. He stated that it appears 
likely that the membership is reaching a 
saturation point, but that there were cer 
tain areas of potential membership which 
had not been heavily canvassed. Motion 
to approve the Secretary’s report was 
passed. 


Report of the Treasurer 


The Treasurer presented the annual 
audit, which showed a probable surplus 
of approximately $1100 in the year’s 
operations. He stated that $400 would be 
used out of a Special Projects Reserve 
Fund which had been set up the previous 
year. He also stated that the General 
Education Board Research Grant to the 
Southeast Section of the ASEE expired 
in June of 1949 and would therefore be 
terminated. This would involve a refund 
to the General Edueation Board of $13,- 
229, which would decrease the cash posi 
tion of the Society by this amount. 

The Treasurer presented the budget for 
1951-52. He stated that the printing 
firm publishing the JourNaL had an- 
nounced a nine per cent increase in pub- 
lication costs. This, together with othe 
inereased costs of operation, would make 
it appear as though the Society would 
operate at a barely balanced budget for 
the coming year, with no appropriation 
for special projects which might arise 
during the year. 

The President summarized the report 
by stating that the financial position of 
the Society during the past year was 
quite satisfactory, but that it appeared 
probable that the finances would be con 
siderably more stringent in future years 
if the present dues structure is main 
tained. A motion was passed to accept 
the Treasurer’s report. 


a) 
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Report of the ECR 


Dr. Rosselot, Vice-President of the 
ASEE in charge of the Research Council, 
reported briefly on the two major proj- 


ects which the Council had undertaken 
during the past year. These inelude: 


(1) a bi-annual Review of Current Re- 
search, and (2) the survey of University 
Research Potential. The latter 
cooperative endeavor with the Research 
and Development Board. Both publiea 
tions have been completed and will be 


Was a 


made available to the Society member- 
ship at a price to cover printing costs. 

He reported that the bi-laws of ECRC 
had been to permit the for 
mation of geographical sections of the 
ECRC and that a petition for the for 
mation of a section in the Southeast See 
tion had been presented. 

He reported that the inventory of the 
Review of Current Research and the Uni- 
versity Research Potential publications 
assured the Research Council of an in 
come next year which would place the 
Council in a sound finaneial position. 


amended 


Unity of the Profession 


Dean Saville outlined the proposal for 
the Unity of the Profession organization. 
He stated that in his opinion the Gen- 
eral Council should present some defini- 
tive recommendations which he could pre- 
sent to the Planning Committee as rep- 


resenting the official opinion of the 
Council. 
Dean Freund emphasized the desir- 


ability of the ASEE’s participation in 
the Unity organization in order to get a 
single spokesman for the entire engineer- 
ing profession. Dean Saville stated that 
it is quite likely that the Planning Com- 
mittee will consider other than 
those originally proposed and that the 
entire planning is still in the fluid state, 
but that it was necessary for ASEE mem- 
bers to make their wishes known now if 
they wished to have any influence in 
shaping the basie structure of the or- 
ganization. 


plans 
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k nginee ring Manpower 


Saville summarized the 
plishments of the Engineering Manpowe1 
Commission. He that the Com 
had excellent coopera 
tion trom Mrs. Rosenberg, Assistant See 
retary ol 
that the views ot 
Marshall on the 
manpower are opposed — to 
Mrs. that 
siderable opposition might therefore be 
anticipated from the Seeretary of De 


Dean accom 
stated 
MISSION received 


Detense. However he stated 


Secretary ot Detense 
problem ot technical 
apparently 
Rosenbere and 


those ot con 


Lense. 


Other Relations with Government 


Dean Saville reported 
National 
Point Four program. 


briefly on the 
Foundation and the 
He stated that 
program was being considered by the Ot 
fice of Seientifie Manpower for the fur 
loughing of taculty members to govern 
ment agencies on a two year rotation 
This proposal is still in the tents 
tive stage. 


Science 


basis. 


Report of Vice-President Armshy 
Vice-President 
written report. 
effective 
achieved 


Armsby presented his 
He spoke briefly of the 
cooperation 
through the 
Committee on 
He summarized the work of the regional 
which had organized 
ASEE Committee on Atomic 
Energy. The Atomic Energy Committee 
of the ASEE has recommended to the 
Atomie Energy Commission that a bibli 
ography be published on basic materials 
which would be of interest 
ing educators. The Committee also ree 
ommended to the Atomic Energy 


which has been 
formation of the 
Sranches. 


Sections and 


conterences been 
by the 


to engineer 


Com 
mission that they sponsor the publication 
of a source book on atomic engineering 
along the general lines of Gladstone’s 
Source Book. The Atomie Energy Com 
mission has undertake hot} 
projects. 


agreed to 


Report of Vice-President Grinter 
Vice-President Grinter reported on the 
summer school program for the past year, 
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including those sponsored by the Engi- 
neering Drawing Division, Humanistic- 
Social Division, and Mechanical Engi- 
neering (Thermodynamics) Division. He 
spoke of the outstanding success of the 
two summer schools which were spon- 
sored by sections of the Society. These 
were the Fontanna Summer School of the 
Southeast Section and the University of 
Wisconsin Summer School sponsored by 
the North Mid-West Section. 

He reported on the accomplishments of 
the Committee on Improvement of Teach- 
ing and stated that this Committee had 
met for two days prior to the Annual 
Meeting to consolidate its findings and 
prepare reports for presentation at the 
General Session. He stated that the Com- 
mittee will now embark upon the prepa- 
ration of a final report. 


Report of Vice-President Terman 

Vice-President Terman outlined the 
work of the ECAC during the past year. 
He stated that the Committee on Inter- 
national Relations of the ECAC had un- 
dertaken two major projects, one of these 
being the scheduling of an International 
Night Dinner at the Annual Meeting at 
Michigan State College. This dinner was 
attended by a number of engineering edu- 
cators of foreign countries who were in- 
vited by the chairman of the Committee. 
The second project was the formation of 
a Commission on Engineering Education 
to visit Japan and consult with educators 
and the Japanese government on engi- 
neering education. He also outlined the 
Annual Meeting programs on engineer- 
ing manpower and the executive session 
of the ECAC which were scheduled for 
the Annual Meeting. 


Membership Qualifications in the Society 


The Secretary stated that the con- 
stitution of the Society specifies the re- 
quirements for individual membership in 
the society as follows: “Persons who oc- 
cupy responsible positions in engineering 
instruction, research or practice,” and 
then leaves the door open with the addi- 
tional stipulation “and other persons in- 


terested in engineering education.” He 
stated that this wording of the constitu 
tion gave the Secretary’s office no au 
thority to question the membership quali 
fications of anybody applying for mem- 
bership in the Society and that numerous 
applications had been received from per- 
sons requesting membership in the So- 
ciety whose affiliations and interests were 
not in any way associated with engineer- 
ing education or engineering. He stated 
that the purely mechanical routine of 
submitting the list of new members to the 
General Council for approval did not 
constitute any basis of selection, since a 
majority of the Council members ap- 
proved the list without discrimination. 
Professor Clark suggested the advisabil- 
ity of establishing minimum qualifications 
for membership in the Society in order 
to elarify the eligibility of applicants. 
No action was taken. 


Cooperation with High Schools 


Dean MacQuigg mentioned the close 
cooperation between several of the engi- 
neering colleges in Ohio and high schools 
throughout the state. He stated that 
this had been effective in increasing engi- 
neering enrollments and also in convey- 
ing to the high school teachers the educa- 
tional needs of the universities and col- 
leges. Dean Freund raised the question 
as to the possibility of soliciting mem- 
bership of high school teachers in the 
ASEE in order to further this objective. 
Civil Defense 

Dean MacQuigg reported briefly on the 
Civil Defense meeting in Washington, 
D. C. He stated that there was general 
public apathy regarding the preparation 
for an atomic bomb attack and that the 
consequences of such an attack, even 
though remote, are so serious as to make 
it imperative that careful advance plan- 
ning be undertaken throughout the en- 
tire country. Professor Carson and 
President Dawson both spoke of specific 
planning which had been undertaken in 
their areas of the country. It was em- 
phasized that industrial targets would 
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probably be the first objective of an 
enemy attack. The suggestion was made 
that an article be prepared for the Jour- 
NAL outlining the preparations which 
were being made in some of the areas 
where advanced planning had been under- 
taken. 

Committee on Teaching Aids 


Professor Muhlenbruch reported on the 
progress of the Committee on Teaching 
Aids and stated that $4600 had been col- 
lected from industrial sources to defray 
the expenses of this committee and that 
an attempt would be made to get addi- 
tional funds. He stated that reviewing 
committees had been appointed in sev- 
eral curricular areas and the review work 
would start in the near future. 


Committee on International Relations 


Dean Woolrich reported briefly on the 
International Night Program and _ the 
Commission on Engineering Education to 
Japan. 

He also stated that there was need for 
getting information to our government 
and to agencies which are advising for 
eign students on schools in this country, 
since most of these agencies send engi- 
neering students to a relatively few col- 
leges which they know about, to the ex- 
clusion of many other good engineering 
colleges in this country. 

He also raised the question as_ to 
whether or not the ASEE should request 
a representative on UNESCO. He 
pointed out that our Society had a rep- 
resentative several years ago, but that 
our membership was on a rotation basis. 
The question was raised as to whether 
or not the ASEF should not request 
a continuing membership in UNESCO 
rather than a rotational membership. It 
was recommended that Deans Woolrich 
and Croft cooperate in the preparation 
of a specific proposal to be presented 
to UNESCO, requesting a continuing 
membership of the ASEE. 


* 


A meeting of old and new members 
of the General Couneil was held at Michi- 


gan State College, East Lansing, Michi 
gan on Friday morning, June 29, 1951. 
Those present included: F. M. Dawson, 
President, H. H. Armsby, A. B. Bron 
well, L. E. Grinter, G. A. Rosselot, C. L 
Skelley, F. E. Terman, S. C. Hollister, 
J. H. Lampe, Thorndike Saville, C. J. 
Freund, R. T. Landon, M. P. Capp, L. D. 
Jones, W. W. Dornberger, J. MeKeon, 
H. W. Barlow, W. H. Carson, C. E. 
Bennett, G. B. Hoadley, W. Allan, H. A. 
Bolz, H. P. Adams, L. O. Stewart, F. J. 
Lewis, C. O. Harris, W. P. Kimball (visi 
tor), T. H. Morgan, E. R. MeKee, H. K. 
Justice, W. A. Koehler, C. A. Brown, 
H. R. Beatty, S. E. Winston, T. G. Miller, 
M. T. Ayers, H. H. Wheaton, L. G. Mil 
ler, G. K. Palsgrove, B. Robinson, H. C. 
Spencer, E. W. Lehmann, D. Hunt, E 
Laitala, E. C. Clark and B. Bowen. 

The President announced the following 
actions taken by the Executive Board at 
its meeting on June 27, 1951. Details ot 
these actions are given in the Executive 
Board Minutes. 


1. The Board approved the request of 
the Milwaukee School of Engineer- 
ing to form a Technical Institute 
Branch. 

2. The Board authorized the appoint 
ment of a committee to develop the 
possibility of getting more Associate 
Institutional (industrial) members. 

3. The Board voted to discharge the 
Committee on Industrial Safety, Hy- 
giene and Fire Prevention at the 
suggestion of the Committee Chair- 
man. 

!. The Board authorized the appoint- 
ment of a new Committee on Civil 
Defense. 

5. A committee was authorized to study 
the problems of college and univer- 
sity contract relations with the Fed- 
eral Government. 


- 


ECRC Resolution 


The ECRC resolution to form a eom- 
mittee to study college and university 
contractual relations with the Federal 
Government, as modified by the Executive 
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) 


Board on June 27, was read to the 


Council. 
Centennial Stamp for Engineering 


It was moved and passed that the ree- 
ommendation of the Executive Board to 
endorse the issuance of a Centennial 
postage stamp be accepted by the Council. 


Unity of the Profession 


The Secretary read the recommenda- 
tion of the Executive Board at its meet- 
ing on June 27, respecting the Society’s 
desire that any Unity of the Profession 
Organization should permit the Society 
to participate without changing its mem- 
bership qualifications. The Council voted 
to accept the resolution and to have the 
President appoint a committee to study 
the problem and formulate specific pro- 
posals. This committee is to report back 
to the Council at its next meeting in the 
fall. 


Participation in UNESCO 


The following resolutions submitted by 
the Committee on International Rela- 
tions was passed: 


‘‘Whereas engineering education is one of 
the most essential factors in the upbuilding 
of any national economy, and Whereas the 
American Society for Engineering Educa- 
tion represents the united organization of 
education in all of the branches of engi- 
neering, including civil, mechanical, electri- 
cal, mining, chemical, aeronautical, archi- 
tectural, ceramic, petroleum, industrial, geo- 
logical and agricultural instruction and re- 
search—and Whereas the present plan of 
oceasional representation on UNESCO is en- 
tirely unfruitful of sustained aid to its 
program—Be it resolved that we request the 
authorities of UNESCO for the appoint- 
ment of a continuing representative on the 
UNESCO Councils from the American So- 
ciety for Engineering Education—And that 
the Council of the American Society for 
Engineering Education authorize the Presi- 
dent to actively pursue and negotiate with 
UNESCO to make such continuing repre- 
-entation possible. ’’ 


Registration Fee 


The following recommendation of the 
Executive Board at its meeting on June 
27, regarding charging of registration 
fees at Annual Meetings, was passed by 
the Council. 

“The host institution is to submit to 
the Secretary of the Society a budget 
showing their anticipated income and ex- 
pense and also indicating the anticipated 
deficit. The President and Secretary of 
the Society are then authorized to set a 
registration fee to be charged by the So- 
ciety, this fee not to exceed $4.00 per 
person, with no additional charge for 
other members of a family. The host in 
stitution will be reimbursed out of this 
fund for such items in the deficit as 
appear appropriate to the President 
and Secretary. Any amounts collected 
through this registration fee in excess of 
the expenditures authorized will be the 
property of the Society and will be set 
up in a reserve fund for future confer- 
ences. This registration fee should be 
charged by the Society, although the host 
institution may collect the money at the 
time of registration and report to the 
Society the amount collected.” 


Universal Military Training 


A motion that the Manpower Commit- 
tee be authorized to make a statement of 
policy on universal military training was 
discussed and passed. 


Life Membership 


The following persons meet all of the 
requirements for life membership in the 
Society and the Council voted to grant 
them life membership: H. Baum, G. W. 
Case, W. W. Carlson, M. I. Evinger, 
F. M. McCullough, L. O’Shaughnessy, 
E. B. Paine, J. E. Perry, J. R. Price, 
J. C. Rathbun, C. A. Schneider, E. B. 
Smith, W. R. Spencer, A. C. Stevens, 
V. T. Stewart, H. Tilghman, P. H. 
Underwood. 


SES alae 


PE ES 















SES apes 


mp else care 


Resignations 


The Couneil voted to drop the mem 
bers of the Society who were delinquent 
more than two years in dues. 

English Division Summer School 

The English Division requested per- 
mission to hold a Summer School two 
days preceding the Annual Meeting in 
June, 1952. The matter was referred to 
the Vice President in Charge of Instrue 
tional Divisions for consideration. 


Other Business 


A comment was made that several mem 
bers of the Society have expressed the 


College 


Jess Harrison Davis, president of 
Clarkson College of Technology, has been 
elected to Harvey Nathaniel 
Davis, (no relation) as president of 
Stevens Institute of Technology. The 
new president is the fourth in the 81- 
vear history of the college and will as- 
sume his duties September 1, 1951, ae- 
cording to Willis H. Taylor, Jr., Chair 
man of the trustees. The new president 
has had a varied and distinguished career 
as an engineering educator and indus 
trial consultant. He was graduated from 
Ohio State with a degree in science in 
1928 and received his master’s degree 
there in 1933. In 1949 he received the 
degree of doctor of science from St. 
Lawrence University. His _ industrial 
sareer has included service with Ohio 
Bell Telephone Company, Alabama Power 
Company, American Locomotive Com- 
pany, and Foster Wheeler Corporation. 
He has served as consulting engineer for 
Hydraulie Controls, Ine., New York Air 
Brake Company, D. M. MeBean, and 
De Wolf Furnace Corporation. He is 
presently on the board of directors of 
the Niagara Mohawk Power Corporation. 
The career of Dr. Jess Davis as an edu- 


succeed 
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* 
— 


desirability of providing a better outlet 
for the expression of opinions to the 
Couneil and Board 
The matter will be placed on the agenda 
for the next Executive Board meeting. 


General Executive 


A pprec iation to Retirina O flicers 


It was moved that the Council express 
their deep appreciation for the excel 
lent service of the retiring officer. Mo 
tion passed. 


Respectfully submitted, 
ArTHur B. BronweELt, 


Secretary 


Notes 


cator started in 1929 when he went to 
Clarkson 


mechanical engineering. By 


instructor in 
1940 he be 
eame a full professor ; in 1946, dean of 


College as an 


administration; and he was made presi 
dent in 1948. i 


terval, he served as professor and head 


During a two-year in- 


of the department of mechanical engi 
neering at the University of Louisville’s 
Speed Scientifie School. 


College, of Portland, Ore., has 
associated itself with Rensselaer Poly- 
technic Institute in 
and engineers a broader basis of general 


Reed 


offering scientists 
education than is obtainable in the usual 
Reed is the twelfth 
center of the liberal arts to join the pro 
gram the first 
Pacifie Coast college to participate. Un 
der the plan students may take 
years of liberal arts work at Reed, with 


four-vear course. 


with Rensselaer, but is 


' 
three 


emphasis on basic sciences and mathe 
maties, before entering 
two additional years of concentrated work 
in a selected field of science or engineer 
ing. Five years of satisfactory progress 
will earn degrees from both institutions. 


Rensselaer for 


Fifty-Ninth Annual Meeting 


American Society for Engineering Education 


The Fifty-ninth Annual Meeting of 
The American Society for Engineering 
Education was held at Michigan State 
College, East Lansing, Michigan, June 
25~29, 1951. Over 1600 members and 
guests registered. Three general ses- 
sions and approximately 70 conferences 
of Councils, Divisions and Committees 
were held. F. M. Dawson, Dean of En- 
gineering, State University of Iowa, and 
President of the Society, presided. 

The first general session on Tuesday 
morning was sponsored by the ECRC 
and was presided over by Vice President 
G. A. Rosselot. Dr. E. A. Walker, Ex- 
ecutive Secretary of the Research and 
Development Board, spoke on “The Na- 
tion’s Balance Sheet in June, 1951,” and 
Dr. A. F. Spilhaus, Dean of Engineering 
at the University of Minnesota, spoke 
on “Research and Development: The Na- 
tion’s Potential in Educational Institu- 
tions.” The coneluding speaker was Dr. 
A. A. Potter, Dean of Engineering at 
Purdue University, who gave an address 
on “National Science Foundation De- 
velopments.” 

The second general session was held 
on Wednesday morning and was presided 
over by Dr. H. H. Armsby, Vice Presi- 
dent of the Society, who introduced Dr. 
J. A. Hannah, President of Michigan 
State College, whose address was en- 
titled “Lustre or Glitter?” Dean F. M. 
Dawson followed with his Presidential 
Address, “Engineering Education—A 
Bridge Between Ignorance and Under- 
standing.” Secretary A. B. Bronwell 
then presented his yearly report. 

The Nominating Committee, repre- 
sented by C. E. MacQuigg, presented the 
following slate of Officers. Upon mo- 


tion, they were unanimously elected. 


For President, one year, 8S. C. Hol 
lister, Cornell University; 

For Vice President in Charge of Gen 
eral and Regional Activities, two 
years, M. M. Boring, General Elec 
trie Company; 

For Treasurer, one year, C. L. Skelley, 
Maemillan Company. 


The ECAC elected Dean J. H. Lampe, 
Dean of Engineering, North Carolina 
State College, as Vice President of the 
ASEE and Chairman of ECAC. The 
continuing Vice Presidents are G. A. 
Rosselot and L. E. Grinter. 

The final event was a panel diseussion 
of the Committee on Improvement of 
Teaching. Dr. L. E. Grinter, Vice Presi 
dent of the ASEE, acted as moderator. 
The panel members included H. P. Ham- 
mond, A. P. Colburn, J. F. Calvert. A 
discussion period followed. 

The third general session, sponsored 
by ECAC, was presided over by Dean 
J. H. Lampe, Seeretary of the ECAC. 
Dean Lampe expressed the thanks of the 
ECAC to all of the staff and those at 
Michigan State College who had a part 
in making the meeting so successful. Dr. 
M. H. Trytten, Director of Scientific 
Personnel, National Research Council, 
presented an address on “Present Status 
of the Problem of Scientific and Engineer- 
ing Personnel.” He was followed by Don 
G. Mitchell, President of the Sylvania 
Electric Products, Ine., who spoke on 
“America’s Industrial Strength and Its 
Technical Manpower.” Carey H. Brown, 
General Superintendent, Eastman Ko- 
dak Company, and Director of the Engi 
neering Manpower Commission of the 
E.J.C., spoke on “The Engineering Man- 
power Commission of the E.J.C.” This 
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was followed by a short question and 
amswer period. 

The Annual Banquet was held on 
Thursday evening with President Daw 
son presiding. He introduced the Of- 
ficers of the Society and expressed thanks 
to President Hannah for the hospitality 
of Michigan State College. Dr. Hannah 
presented a gavel to President Dawson. 
The Speaker for the Banquet was Dr. 
H. G. Bennett, Assistant Secretary of 
State in Charge of Point Four, and 
President of the Oklahoma A. & M. Col- 
lege, who spoke on “Engineering Con- 
tributions to Underdeveloped Areas.” 
The Lamme Medal was presented to Al- 
lan R. Cullimore of the Newark College 
of Engineering and the George Westing- 
house Award was presented to Glenn 
Murphy of Iowa State College. 

The following resolution of thanks to 
Michigan State College was read by Dean 
A. A. Potter, Chairman of the Resolu- 
tions Committee: 


‘‘The American Society for Engineering 
Education, and especially its members and 
friends attending its 59th Annual Meeting, 
extends to our gracious host, the Michigan 
State College, our sincere thanks for the 
very extensive and effectual efforts that 
have been made for our comfort and pleas 
ure, as well as for the attainment of the 


professional aims and purposes of 
meeting. 

To President John A. Hannah, to Dean 
Loren G. Miller of the School of Engin 
ing, and to Professor W. E. 
Chairman of the Local Committee on Ar 
rangements, and numerous associates and 


Libby , General 


assistants especially we extend our sincer 
appreciation. 

In the long history of the meetings and 
conventions of this Society, the 59th meet 
ing at East 
of the most successful and enjoyable. 

(Signed) HAMMOND 
SAVILLE 
POTTER”’ 


4ansing will stand out as one 
£ 


It was moved and seconded that the 
Society authorize the Secretary to send 
greetings and felicitations to Dr. and 
Mrs. D. C. Jackson, who were not able 
to be present. Dr. Jackson was the old 
est living Past President of the ASEF. 

President Dawson announced that the 
1952 Annual Meeting would be held at 
Dartmouth College in Hanover, New 
Hampshire during the week of June 23 
at. 

Officers for 
President Dawson who then ealled the 
meeting adjourned. 

Respectfully submitted, 
ArtHurR B. BroNWELL, 
Secretary 
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The Engineering Shortage Continues* 


By S. C. HOLLISTER 


Dean, College of Engineering, Cornell University 
President ASEE 


Last autumn a survey was made by the 
Manpower Committee of the Society to 
ascertain the outlook for engineering 
craduates in the immediate future. The 
result was that the freshman class was 
found to be substantially below that of 
1949—a drop of about twenty per cent. 

During the winter, much publicity was 
viven to the shortage and its conse- 
quences upon the welfare and security 
of the nation. Special attention was 
given to informing high school princi- 
pals and counselors concerning the great 
need for engineers. It was noted that 
instead of a pre-war rate of 5.8 per cent 
of male high school graduates who en- 
tered engineering schools, only 4.8 per 
cent elected this profession in 1950. 
Many hoped that the effort to inform 
secondary school officials of the situa- 
tion would result in a larger freshman 
class in the fall of 1951. 

As of June 1, 1951, the Manpower 
Committee made a survey of the 34 col- 
leges that had participated in last fall’s 
survey, to obtain the best estimate of the 
size of the freshman class of this coming 
fall. The result of this survey indicated 
that the expected class would be of the 
same size as that of last fall. Thus it 
appears that during the last year there 
has been no appreciable increase in the 
percentage of high school graduates de- 
sirous of entering the study of engineer- 
ing. 

There is little doubt that a variety of 
factors are responsible for the sustained 
low rate of students entering upon engi 
neering. Before the outbreak of war in 


* Presented before the ECAC, at East 
Lansing, June 1951. 


Korea, there was a much-published and 
mistaken anticipation that there would 
be a great over-supply of engineers; and 
to some extent this notion still lingers. 
In some quarters high school guidance 
counselors are reluctant to advise a boy 
to take an engineering course when there 
is only one chance in two that he may 
graduate (not realizing, no doubt, that 
the same ratio applies to collegiate work 
as a whole). Interesting careers for boys 
with similar aptitudes are developing in 
other fields. The generalization of high 
school training may not provide the nee 
essary entrance requirements for engi- 
neering unless the choice is made early; 
and some boys do not reach a decision 
soon enough. These factors, and no 
doubt others, tend*to restrict the number 
that may enter engineering from high 
school. The writer believes that any sub 
stantial inerease in the number so en- 
tering will be slow in maturing; but also 
that it is essential to work diligentls 
toward achieving this end. 


Need for Engineering Graduates 


About a year ago the writer was brash 
enough to make an estimate of the an 
nual need for engineering graduates, and 
placed the figure at 30,000. The Bureau 
of Labor Statistics had previously esti 
mated the need through the 1950’s as 
gradually rising from 18,000 to 22,000 
over that period. This agreed with the 
pre-war trend of engineering graduates 
given in the writer’s paper in this Jour 
NAL in Mareh 1949. Allowing for 
10,000 needed by the armed force as en- 
gineering specialists, estimated from the 
Report, for a 3% million man military 
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force, gave an average total over the pe- 
riod of 30,000. This did not, of course, 
make any provision for utilizing engi- 
neers in positions in which no engineer- 
ing training is required. At the time, 
some thought, and time proved, that this 
was far too conservative a figure. 

Early in June 1951 the Engineering 
Manpower Commission made a survey of 
378 companies and government agencies, 
to determine their immediate need of en- 
gineers. The result of this survey in- 
dicated a total national need of 80,000 
engineers, quite independent of those 
needed in uniform. Against this need 
there were graduated 38,000 men, half of 
whom, the Manpower Commission de- 
termined by survey, were committed or 
subject to military duty. The unfilled 
demand as estimated by industry was 
therefore 60,000 by the end of June. 

Some persons believe that the indus- 
trial and governmental estimate of engi- 


neers needed is too high; that it is not a 
shake-down figure of real need. I can 
only say to this that many industries ex- 
pressly stated their estimate was not in- 
flated and that it was realistic. The fact 
is, furthermore, that there is no other 
dependable figure available, and no way 
to get one except by the method em 
ployed in obtaining this one. Even if 
one discounted the total figure by 25 per 
cent, or 20,000, there is still no comfort 
in the resulting unfilled shortage of 


40,000. 


Significance of Statistical Evidence 

What is the outlook? What is the im- 
portant significance of these figures? 

There is great risk in attempting to 
forecast the situation respecting man- 
power over the next few years; yet the 
writer believes the present status of en- 
gineering manpower to be so critical in 
the nation’s welfare and security that 
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every means available should be utilized 
to make adequate preparation for the 
future. Appraisal must be made with 
what evidence is at hand, without await- 
ing the elusive and practically unattain- 
able perfect data. 

The first factor of importance (see 
chart) is that there is a wholly inade- 
quate supply of engineering graduates to 
meet the ultraconservative estimate of 
need of 30,000 per annum. The best ef- 
forts at increasing interest of high school 
graduates may add 4000 or 5000 to the 
annual graduations in engineering—but 
not before 1956. With the addition of 
5000 that year the total graduations 
would be only 22,000. 

The second factor of importance is that 
at present enrollments, and with no with- 
drawals for military service of any engi- 
neering students, there will not be enough 
graduates by and after 1953, at least to 
1961, to meet the peacetime need as con- 
servatively estimated by the Bureau of 
Labor Statistics, the shortage being at 
least 20 per cent. 

The third factor of importance is that 
during the post-war four years prior to 
Korea, 149,000 were graduated and em- 
ployed. This is a greater rate than that 
ot the pre-war years upon which the 


Bureau of Labor Statistics based its 
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peacetime estimate for the 1950's, by 
nearly 90 per cent. A conservative esti- 
mate of post-war peacetime need would 
appear to be 30,000. 

The fourth factor of significance is that 
the industrial and governmental civilian 
need of engineers is far greater that the 
graduating class of 1951 (38,000). What 
ever the military requirements for engi 
neers may be, they are not available ex- 
cept by taking men from indutry; thus 
further intensifying the needs of in 
dustry. 

The fifth factor of importance is that 
all considerations of need are based upon 
the current pattern of utilization of engi- 
neers by industry and government. The 
first step toward bringing need and sup 
ply toward better agreement will be to 
change the pattern of utilization through 
spreading the engineer’s work over a 
greater range, and thereby lessening the 
need. The extent to which policy deci- 
sions by industry and government ean in 
this way achieve a modification will de- 
termine the extent of the reduction of 
need (see curves A, B or C, on chart). 
In any case, it does not now appear that 
by any present or likely pattern of utili- 
zation or available source of supply the 
need and supply will be brought into 
balanee over the next decade. 


The Engineering Manpower Commission of the 
EJC: Its Objectives and Activities 


By MR. CAREY H. BROWN 


Chairman, Engineering Manpower Commission, Engineers’ Joint Council 


Cooperation of the American Society 
for Engineering Education with Engi- 
neers Joint Council in the formation of 
the Engineering Manpower Commission 
is most appropriate and timely. The 
Commission consists of three representa- 
tives of ASEE, Mr. Armsby, Dean Hol- 
lister and Dean Saville, and three rep- 
resentatives of each of the constituent 
societies of Engineers Joint Council, 
namely, the Mechanical, Civil, Electrical, 
Chemical, and Mining and Metallurgical 
Engineers. The Commission’s — head- 
quarters are located with EJC in the 
Engineering Societies’ Building in New 
York City. Mr. T. A. Marshall, Jr. is 
Executive Secretary. Incidentally, it 
seems to me that the EMC is a very good 
illustration of the ability of the engineer- 
ing profession to act in unity when the 
need arises. 

Failure or inability to foresee or to 
provide for the tremendous industrial and 
scientific growth of the Country since 
World War II, the demands of the pres- 
ent defense program and the coincidence 
of the passing of the G. I. college train- 
ing program with the arrival at college 
age of the meager boy crop of the early 
thirties are main causes of the present 
shortage of engineers. 

A survey in June 1951 (the present 
month) of the needs of 378 companies 
and government agencies shows that 
about 80,000 engineers are needed now 
exclusive of the needs of the military. 
When the current graduating class of 
38,000 is absorbed there will still be an 
unfilled demand for 42,000 engineering 


graduates. However, a recent study of 
the 1951 class of engineering graduates 
showed that the military, through R.O. 
T.C. and reserve programs, and through 
the Selective Service System, will siphon 
off about 19,000 engineering graduates. 
The actual unfilled demand will then be 
for more than 60,000 engineers. 

The urgent need for engineers cannot 
be met through the current sources of 
supply. The 1952 graduating class will 
be only about 26,000; 1953 about 17,000; 
1954 probably even less than 1953. 


Causes of the Shortage 


The increased complexity of our in- 
dustry and the development of new tech- 
nological areas such as atomie energy, 
antibiotics, jet propulsion, electronics, 
etc. have caused a definite upturn in the 
use of engineers and scientists quite in- 
dependent of mobilization. The ratio of 
engineers to direct labor has been in- 
creasing steadily since 1890. It now 
stands at about 1600 engineers per 100,- 
000 workers according to the Bureau 
of Labor statistics and there is no sign 
yet that the relationship has commenced 
to level off. 

The present partial mobilization has 
saused another sharp increase in the de- 
mand for engineers to speed up and im- 
prove the design, development, and pro- 
duction of the implements of modern 
warfare and other essential defense and 
civilian needs, and for the expansion of 
existing plants and facilities so vital to 
the national defense. Superimposed on 
this, is the loss of technical manpower 
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in industry as the result of the call of 
reservists to the service and the demands 
of Selective Service. 

It is not possible to determine from the 
answers obtained whether the sharp in- 
crease in demand is due to the tooling-up 
needs of a partial mobilization, or be- 
cause of the extreme technological ad- 
vance of the past several years and the 
increased use of engineers and scientists 
by various organizations and agencies. 
There is some reason to believe that much 
of the increase may be a long term trend. 


Extent of the Shortage 


The Engineering Manpower Commis- 
sion is deeply concerned over the magni- 
tude of the shortage of engineers and 
scientists and its probable consequences to 
the national health, safety, and interest. 
Studies will continue to be made to de- 
termine to what extent the shortage is a 
short term or a long term problem and 
what efforts can be made to aid govern- 
ment, private enterprise, and others in 
determining policies to promote the most 
effective utilization of engineers and to 
maintain the supply, so that our tech- 
nological superiority will not suffer. 

The seriousness of the situation is ag- 
gravated by the fact that coupled with 
the existing shortage is the prospect of 
increasing shortage over at least the next 
four years. The output from our engi- 
neering colleges is fairly well fixed until 
1954. The prospect as to numbers of 
graduates compared to foreseen demand 
is not encouraging. 

Dean Hollister has told me that he ex- 
pects to undertake at once revised esti- 
mates in accordance with the figures pre- 
sented to you today. In making such an 
estimate of the needs of future years, it 
will of course be necessary to formulate 
some judgment as to the division of this 
60,000 present estimate of unfilled need. 
How many of that number are needed 
temporarily to meet requirements of de- 
fense industry which will not repeat, 
and how many of that number represent 
a continuing requirement over coming 


years as a result of technological de 
velopment in industry? 


The Effect of the Shortage and the 
Steps to Counteract It 


What is the effect of this shortage? 
The strength of the United Nations in 
the present world struggle depends upon 
industrial might. We ean not match 
our enemies in numbers of men—we must 
excel them in the quality and quantity 
of weapons produced as well as in the 
spirit and resourcefulness of individual 
soldiers. If the United States is to be 
“The Arsenal of Democracy” we must 
have the necessary trained technical man 
power, both in the Armed Services and 
in industry. To do this we must keep 
the pipeline full by steps to meet esti 
mated needs for freshmen and graduates, 
as indicated on the slides previously 
shown you. Without student material 
our facilities for engineering education 
will suffer, to our great disadvantage. 

To meet these problems the EMC of 
EJC was organized “To Aid in Estab 
lishing the Importance of the Engineer- 
ing Profession to the National Economy, 
to Aid in Maintaining the Supply of 
Trained Engineers and to Promote the 
Most Effective Utilization of Engineers 
in the National Health, Safety and In- 
terest.” 

How have we gone about this? The 
first step was to get wide publicity for 
the facts—or the best possible estimate 
of the facts—as to “The Critical Short- 
age of Engineers.” Dean Hollister’s ar- 
ticle, titled as above, and various other 
articles on the same or similar subjects 
have brought about quite widespread 
realization of the seriousness of the situa- 
tion. Action taken as to deferment of 
college students, though not pin-pointed 
so as to make it apply to the specific 
needs here discussed, indicates such reali- 
zation. The pronouncements and charts 
of the U. S. Bureau of Labor Statistics 
have been changed so as to present to 
prospective students an entirely different 
picture as to the outlook for engineers. 
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The EMC published and distributed to 
principals, guidance teachers and science 
teachers in some 23,000 high schools a 
circular descriptive of the need and the 
opportunity for engineers, accompanied 
by other material relating to the im- 
portance of the engineering profession 
and the opportunities which it offers. 
We have urged upon the Department of 
Defense and upon civilian agencies of 
the government, steps to secure most ef- 
fective utilization of engineers. Mr. 
Armsby of the Office of Education of the 
Federal Security Agency, as a member of 
EMC, has been very effective in this 
connection. The Civil Service Commis- 
sion has taken steps to avoid misuse of 
engineering manpower. The Defense. De- 
partment has not yet gone as far as it 
should in organizating its procedures to 
“Promote the Most Effective Utiliza- 
tion of Engineers.” 

The problem is a large one but it must 
be solved, as the most serious aspect of 
the shortage of engineers and scientists 
is its effect upon the production of muni- 
tions. One serious defect in the present 
situation is the almost universal tendency 
of the Armed Services to catalogue every 
Reservist now in the same rating which he 
had in the Service in Warld War II. 
If he was an artillery observer then he 
is so thought of now, even though mean- 
while under the G. I. Bill or otherwise, he 
may have graduated in electrical engi- 
neering and have had considerable prac- 
tical experience in some specialized field. 
Draftees seem, in many cases, to be as- 
signed with little regard to civilian train- 
ing and experience. 

Without doubt this situation will im- 
prove. Steps are now underway to as- 
sure to defense industries more adequate 
opportunity to present their cases for 
deferment of individuals essential to de- 
fense production. 

There is a lot of emotional feeling re- 
garding the service of men under arms 
as compared to their service in defense 
industry, but we must be realistic and 
objective with regard to our point of 
view on that subject. Jt goes without 


saying, I believe, that we cannot pos- 
sibly match our potential enemies in num- 
bers of men. We must out-produce them. 
For that reason it is absolutely essen 
tial, as the previous speakers and others 
have pointed out and as you no doubt 
realize, that our manpower be _ utilized 
where it is most effective. In some cases 
that may even be contrary to the inner 
desire of the man himself; but somehow 
we must get across the idea that service 
in production and service under arms 
are equally important and honorable. 

Industry, too, must avoid waste of 
technical manpower. The institution 
within industry of well-planned high level 
training courses for graduate engineers 
is urged by EMC as a means of securing 
the integration of these men into produe- 
tive activity and their ability to make 
maximum contribution to the National 
effort. The reestablishment of Federally 
aided training courses for technicians is 
under consideration. 


The Demand for Engineers 


I would like to read from an advertise- 
ment which I clipped from a reeent. is- 
sue of a technical journal. This bears 
upon the general situation as to the need 
for engineers for both military and ci- 
vilian objectives. I will omit the name 
of the company—yjust eall it Blank Com- 
pany. My only possible objection to 
this article is use of the words “Quali- 
fied” and “Experienced.” Perhaps this 
organization should train its own men. 

This is the advertisement as it ap- 
peared : 

““THE OPEN DOOR 

to career opportunities for QUALI-— 
FIED ENGINEERS Career opportunities 
for experienced ELECTRONIC, ELECTRI- 
CAL and MECHANICAL ENGINEERS 
— PHYSICISTS — METALLURGISTS — 
CHEMICAL and CERAMIC ENGINEERS 
are now open at —— pioneer in many 
of the world’s greatest developments in 
virtually every field of ———— (the com- 
pany product). 

The opportunities are in research, de- 
velopment, design and application, also in 
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technical sales—on commercial projects as 
well as the nation’s defense program. 
These are not temporary positions. Many 
of ———’s activities today are designed 
to satisfy the 
— however, has always been (even in 
arsenal from which 


nation’s military needs. 
peacetime years) an 
the military forees have been equipped with 
the finest ———— 

——— also is working on many commer- 
cial long-range They call for 
expanding research and development in a 
diversified line of products. These openings 
Unlike 


businesses, has 


apparatus. 


projects. 


offer lifelong career opportunities. 
feast or famine 
forged ahead regardless of wars or depres 
sion. 

At — 


—, you enjoy professional status, 


recognition for accomplishments .. . un 
excelled research facilities for creative 
work opportunities for advancement 


in position and income pleasant sur 
roundings in which to work. You and 
your families participate in Company-paid 
hospitalization, accident and life insurance. 
Modern retirement program. 
ban or country residential and recreational 
conditions. Opportunities for 


Good subur 


graduate 
study.’’ 


I read this to illustrate what oppor 
tunities the law of supply and demand 
is likely to bring forth for engineers in 
many companies in addition to those 
which already offer these advantages. 
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This and other similar advertisements, 
and a fields 
which science is opening up to industry 
lead to the belief that 
tivities are entering upon a vast expan 
sion. Irrespective of the new fields, the 
increasing population of the country and 
the high birth rate promise high demand 
for the products of industry. Admitting 
that a portion of the present shortage is 
due to defense demands, there remains a 
great increasing requirement to meet 
production for civilian use. Should high 
production to meet defense needs con 
tinue, as seems quite likely, there will 
be continued demand for more advanced 
and improved designs to keep the United 
States always in the 
quality of weapons. 

Perhaps I may briefly summarize the 
whole situation, as we look at it, as fol 
lows: 


consideration of the new 


engineering ac- 


forefront as_ to 


Engineers are essential to the defense 
effort and to our industrial future. 

Engineers are in short supply. 

Engineers must be utilized to the maxi 
mum possible advantage. 

The “Engineering pipeline” 
kept full. Adequate supply of this 
critical element of America’s manpower 


must be 


is essential. 
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Present Status of the Problem of Scientific 


and Engineering Manpower” 


By M. H. 


Director, Office of Scientific Personnel, National Academy of 


TRYTTEN 


Scie neces 


National Research Council 


This is perhaps a particularly appro- 
priate time to review the status of the 
problem of the supply and utilization of 
scientific and engineering personnel. 
This is true because on the one hand the 
dimensions of the demands for such per- 
sonnel for all of the various activities in- 
volved in the maintenance of our eivili 
zation and in national plans for mobili- 
zation are beginning to become clearer. 
It is also possible at this time to review 
some of the halting attempts to achieve 
national policy and to foreeast the dif 
ficulties which lie ahead in solving this 
most difficult of all of our problems. 
And finally, it is possible to estimate a 
little more accurately than heretofore 
what may be happening to our pipeline 
of personnel in training. 

The demand for engineers this summer 
is probably the greatest that has ever 
been known in our history. I need not 
go into details on this matter, since I be- 
lieve my colleague, Colonel Brown, will 
indicate the results of a recent survey by 
the Engineers Joint Council. Your own 
experience has been sufficient so that I 
am sure you will not be unduly astonished 
at the results of this survey. Let me 
add merely in passing that the demand 
in many of the fields of science appears 
to be of the same order of magnitude in 
proportion to the personnel in_ those 
categories as is the case for engineers. 

I need not stop to discuss the probable 





* Given at General Session 
Society for Engineering Education, 
Lansing, Michigan, June 28, 1951. 
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future supply in the field of engineer 
ing, since that situation, too, I 
is familiar to you. You are 
the progressively lowered enrollments in 
the various undergraduate 
classes and also of the probable magni- 
tude of the freshmen class this fall which, 
according to the latest information, 
seems to be likely to be less than the 
freshmen of 1950. Here, too, I 
would only add that the phenomena which 
wave to these lowered enrollments 
seem to be equally effective in the fields 
of the sciences so that the graduating 
in the future will progres 
sively decrease in the sciences much as 
they are decreasing in the field of engi- 
neering. 

I am sure you will agree with me that 
there is no phenomenon at the present 
time that has more serious implications 
for the future than this widening diver- 
gence between supply and demand for 
highly trained manpower. There is a 
very direct relationship between the pro- 
ductivity of any nation in its industrial 
output and its supply of scientific and 
engineering personnel. This can be ex- 
pressed differently by stating that there 
is a very direct relationship between the 
standard of living of any country and 
its supply of scientists and engineers. 


believe, 


awure ol 


engineering 


class 


rise 


classes also 


This has been the basis of a _ recent 
thoughtful article appearing in The 
American Scientist the official organ of 


Sigma Xi, by Ewart Smith, (reference: 
Vol. 39, p. 274, April 1951). While this 
is important enough in itself, it is, of 
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course, overshadowed at the present time 
by the direct relationship between the 
number of scientists and engineers in any 
country and its ability to produce in ade- 
quate quantity and to use the most ef- 
fective military equipment possible in 
the light of the present development of 
science. And yet in spite of these close 
relationships, in spite of the direct de- 
pendence of both the national welfare 
and the national security on the supply 
of personnel in these categories, the 
phenomenon itself remains essentially un- 
known .and unappreciated by the gen- 
eral rank and file of persons in the popu- 
lation. I believe it is fair to state that 
this phenomenon is not even well un- 
derstood and well appreciated by great 
numbers of scientists and engineers them- 
selves. I know this to be true because I 
have spoken to groups of both scientists 
and engineers about the situation and 
have always been astonished at the lack 
of awareness of the problem which is 
manifest in such a discussion. 

Part of the reason for this lack of un- 
derstanding is the relative recency of the 
problem, since prior to World War II no 
such problem was recognized. Part of 
the reason is that we have been unu- 
sually fortunate in that our educational 
institutions have developed rapidly and 
spontaneously in response to powerful 
social movements and without the neces- 
sity of Federal funds for any substan- 
tial part of their support. There has 
always been a keen appreciation of the 
importance of education among our popu- 
lation. Many of our colleges have been 
founded and maintained by wholly pri- 
vate groups to serve some social or re- 
ligious end of their own. The public 
generally has been generous of its sup- 
port to such institutions and has been 
willing to sanction the setting aside of 
substantial portions of local tax monies 
for the development of education. Usu- 
ally the motivations behind these im- 
pulses have been a genuine interest and 
desire to see to it that the maximum of 
opportunity is available so that the young 
men and women of the nation might 


realize their potentialities. There was 
thus flowing from our schools and col- 
leges over the past decades since the turn 
of the century an ever increasing supply 
of highly trained young people, which 
apparently up to World War II was rea- 
sonably well adjusted to the increasing 
needs of our civilization for such highly 
trained specialists. It is only since 
World War II and under the stress of a 
new emergency that the sharp increase 
in demand and the failing supply have 
become conspicuous. I would eall at- 
tention to the fact, however, that through- 
out most of our history the foeus of at- 
tention has been on providing educational 
opportunities for individuals to reach 
their own maximum potentialities, rather 
than on the products of the universities 
and colleges as an essential resource for 
the necessary activities of our civiliza- 
tion. It is only recently that the com- 
pelling importance of personnel with 
specialized training as an indispensable 
factor in the national welfare has tended 
to focus attention on the supply of per- 
sons emanating from the schools, rather 
than on the welfare of the individual. 
This is a major shift in interest and one 
which is going to require real effort if 
it is to be driven home into the con- 
sciousness of the average American. It 
must be understood if the public is to 
sanction the steps that must be taken to 
provide an adequate flow of specialized 


personnel. It will not be easy, because 
it substitutes an abstract idea for an 
emotion. 


It may be well to mention here, too, 
that we have been exceedingly fortunate 
in that the development of higher edu- 
cation in the United States throughout 
the past five decades has been undis- 
turbed, excepting for two short periods, 
by substantial interference arising from 
military activity. During this period 
most young men have found it possible 
to progress directly through the various 
stages of training without having to take 
out substantial periods of time for mili- 
tary training or service. The effect of 


this is probably not adequately under- 
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stood. I can recall, for example, that 
the development of radar during World 
War II was largely in the hands of spe- 
cialists in electronics who had gradu- 
ated from the engineering schools and 
physies departments. During the middle 
of World War II an analysis by the 
National Roster uncovered the fact that 
the average age of these young special- 
ists was less than twenty-six. Most of 
them were, therefore, young men with a 
bachelor’s degree plus one or two years 
of graduate study prior to their employ- 
ment, or war work in electronics. I can 
quite well imagine that had these young 
men each been required to spend a year 
or more in military training or service 
many of them would not have achieved 
the level of experience which made their 
employment on these projects possible. 
Others again could possibly have been 
deflected from the area of training which 
they had entered upon, and finally, all of 
them would have been at least one year 
less advanced, which at that age is a con- 
siderable factor. It would seem to me 
highly reasonable to suggest that the 
ultra important radar developments in 
World War II would at least have been 
delayed and in many eases might not 
have succeeded had this been the ease. 

I should like to suggest that in think- 
ing of the problem of scientifie and engi- 
neering personnel at the present and the 
apparent increasing divergence between 
the supply and demand, that the matter 
be looked at against a larger background 
than has perhaps been the case in some 
presentations in the past. I know that 
it is customary to blame this divergence 
largely on a public attitude that the 


technical professions appeared for a 
short time to be threatened with over- 
crowding. While this may well have 


been an important factor, it seems to me 
that it is possibly not even the most im 
portant factor. It is true that engineer- 
ing fall enrollments for the past year 
reduced to the point where actually a 
smaller percentage of the high school 
graduates of 1950 entered engineering 
than was the case prior to World War 
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II. But there may be a number of fae 
tors which are important considerations 
in this connection. One of these is un 
questionably the high employment op 
portunities with substantial salaries for 
personnel of moderate training. It is, 
of course, well known that union 
in a number of activities are sufticiently 
high to be attractive to many high school 
graduates. But there are other employ 
ment opportunities also that apparently 
offer important inducements. Many of 
these are activities which require only a 
reasonably short period of training, such 
as the many maintenance and 
activities in the fields of automotive 
transport, home appliances of various 
kinds, including air conditioning, and 
others. In the fields of advanced train- 
ing the number and variety of job open 
ings appear to be steadily on the increase 
in our civilization. In the field of 
ness, for example, there are increasing 
opportunities for 
highly specialized 
the increasing complexity of modern 
business organizations and the precision 
with which they must operate. Each one 
of the larger corporations has a wide 
variety of positions in which they them- 
selves have established 
training programs or which require in 
dividuals with specialized training from 
universities and colleges. 
these demands _ recruitment 
have increased and competition for per 
sonnel of high ability has inereased. 
Since the beginning of the century 
the population of the United States has 
only increased by approximately 60%. 
Yet in many fields the inerease in per- 
sonnel has been vastly greater. In most 
of the sciences and engineering the in- 
ereases have been approximately 700%. 
In such academic fields as modern lan- 
guages the percentage has actually been 
greater, up to about 800%. Even in the 
teaching profession school teachers as a 
whole have inereased by nearly 300%. 
While there is this vertical rise in the 
increase in a number ot specialities, there 
has oceurred simultaneously a substantial 
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increase in the number of professions 
which require comparable long training. 
But all of these factors together are pro- 
ducing a greater and greater competi- 
tion for that relatively small percentage 
of the population which is eapable of 
taking and using advanced training. The 
factor which suddenly makes this dra- 
matie is the imposition on the normal 
rate of development of technology in 
our civilization, a sudden and dramatie 
increase due to the present remobilization 
and to the demands produced by the 
international situation generally. It is 
not only in the sciences and engineering 
that there is a tremendous competition 
for personnel at the present time. Due 
to the suddenly increased activities of the 
Federal Government in all of its branches, 
there is unusual recruitment also for 
experts in the fields of management, of 
the social studies, and in other fields. 
The increasing demand is, however, 
matched by what appears to be a de- 
creasing proportion of individuals from 
the high schools who elect to enter the 
fields of science and engineering. While 
this may be due to the increasing op- 
portunities in other fields, it seems prob- 
able that it may be affected also by other 
factors. One of these may be the effect 
of changing emphasis in education at the 
secondary level. There has been a 
steady mounting interest on training the 
high school population for the so-called 
activities of life and for citizenship. It 
is true that a large proportion of high 
school graduates do not go on beyond 
high school graduation. The increasing 
concern with the needs of this larger part 
of the high school population has inevi- 
tably been reflected in decreasing con- 
cern with the needs of those whose train- 
ing has only begun and who must con- 
tinue on through the college and the 
graduate school. Unquestionably this ap- 
pears to be having its effect not only on 
the quality of the work done in the see- 
ondary school, but in the election of 
courses of study less likely to direct the 
interest of students into courses prepara- 
tory to science and engineering. Besides 
this there appears definitely to have been 


inereasing difficulty in holding high 
school teachers or in recruiting new ones 
of substantial training in pre-science and 
pre-engineering courses. Not only have 
job opportunities lured high school grad- 
uates into employment directly, but they 
appear also to have lured away high 
school teachers. There is, unfortunately, 
inadequate quantitative information on 
which the validity of these remarks can 
be tested or the magnitude of the phe- 
nomenon discussed, but if present indica- 
tions are true it is a problem of utmost 
importanee and worthy of attention. 

To meet the present situation it will 
be necessary to break completely new 
ground. The present role of the highly 
trained specialist is so fundamental to 
our national welfare and our national 
security that the problem becomes one 
in which a national point of view must 
enter. It is also true that there must be 
a recognition that the training and utili- 
zation of personnel for the many activi- 
ties which require advanced training is 
just as important and must receive just 
as much attention and recognition as the 
training and utilization of combat forces. 
This point of view is not adequately re- 
flected as yet in national policy nor in 
national programs. Our whole concept 
of manpower policy is as yet inadequate 
to the special circumstances of the pres- 
ent. The experiences of the past have 
been largely inapplicable to meet the 
present situation and yet the shadow of 
the past hangs heavy over any attempts 
to achieve policies realistic under present 
circumstances. Selective Service policy 
in the past, for example, was condi- 
tioned by the special circumstances of 
World War II. The habit at that time 
was to make the decision as to whether an 
individual were to remain in his employ- 
ment or enter the military service based 
upon the concept of essentiality to the 
national effort of the time. With all its 
uncertainties, nevertheless it provided a 
philosophie basis for an individual de- 
cision which could at least theoretically 
be considered an adequate criterion. It, 
of course, did not reflect in any way the 
fact that even after a war the activities 
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of the nation must go on and other emer- 
gencies must be provided for. Under 
present circumstances this philosophic 
basis is obviously quite inadequate. The 
present situation is one in which the em- 
phasis should be much more largely on 
long-time preparation for the 
ties of an uncertain future than for the 
requirements of the present. 

Some attempt has been made to reflect 
this new point of view in the Selective 
Service regulations established by the 
President to cover the deferment of stu- 
dents. You are, of course, familiar with 
the details of this plan. The plan is now 
in operation and much of the testing, 
which is a conspicuous feature of the 
plan, has actually oceurred. Approxi- 
mately 34 of the students who have ap- 
plied for tests have been tested and the 
third and fourth contingents will very 
shortly take their tests. The program 
at the present time appears to be work- 
ing as smoothly as can be expected. The 
tests, themselves, have met general ap- 
proval on the part of the students and 
the public press. The attitude towards 
the program on the whole has _ been 
steadily shifting to a greater degree of 
approval on the part of the general pub- 
lic. The Gallup Poll on May 26 published 
the results of a nation-wide survey of 
publie opinion on the deferment program 
and announced that on the whole the gen- 
eral public approved the plan. Fifty- 
five per cent of those interviewed ex- 
pressed approval; 36° expressed dis- 
approval and 9% were undecided. Curi- 
ously enough, when those interviewed 
were broken down into categories in terms 
of their training, it was found that those 
with only grade school training approved 
the program -in the ratio of 58-32, al- 
most two to one, while those with college 
training approved the program in a 
ratio of 56-37, a ratio of about three to 
two; those who were listed in “Who’s 
Who” endorsed the program in the ratio 
of better than 2-1 or about 66-31. 

The attitude of draft boards and the 
State Directors of Selective Service ap- 
pears to have improved substantially 
and there is now a general feeling of con- 


necessi- 


fidence in the National Headquarters of 
Selective Service that there will be no 
great difficulty in the administration of 
the program. 

There remains, however, still a prob 
lem with regard to the deferment of per 
sons whose training has been completed. 
There is less desire on the part of draft 
boards to defer, what appears to them 
to be indefinitely, a young man with ad- 
vaneed training, even in spite of the fact 
that he may be in a category in serious 
short supply and of considerable im- 
portance to the mobilization effort. Simi- 
larly, the problem of Reservists has not 
yet been adequately met. 
requests for deferment on the part of 
Reservists called back to active duty are 
as yet achieved by procedures developed 
some time ago and reflect essentially the 
military need for these individuals much 
more than they do civilian requirements. 

Underlying both of these problems is 
a dangerous assumption. The difficulty 
of retaining specialized personnel in a 
civilian activity is to a large extent due 
to the assumption that the individual will 
be called in for a relatively short period 
of service and then returned. The length 
of service required of draftees is twenty- 
four months and for Reservists with mili- 
tary service in the last war requests for 
discharge may be made after seventeen 
months. However, it should be noted that 
in the present world situation there ean 
be very little guarantee that this length 
of service will be all that is required. In 
actuality, any substantial increase in hos- 
tilities within the next twelve months re- 
quiring inereased mobilization will un- 
doubtedly present a military situation 
which will be completely overriding in 
the disposition of individuals in the 
Armed Services, for it will be impossi 
ble under such circumstances to with- 
draw individuals actively built into posi- 
tions of importance in the military serv- 
ice on the basis of a civilian specialty. 
National policy is still a far ery from 
reflecting a realistic understanding that 
national security is grounded solidly on 
more than one pillar of support, the mili- 
tary arm, but rests also on at least one 
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other pillar, a vital, versatile, and vibrant 
technology. 

It has long been apparent that if 
national policy is to achieve a sound 
basis in realistic understanding of the 
problem of training and utilization of 
scientific and engineering manpower, 
then there must be some one central 
place in the Government where such mat- 
ters are focused. This led to the recom- 
mendation to the National Security Re- 
sources Board by the Engineering Man- 
power Commission of the Engineers 
Joint Council and by the National Acad- 
emy of Sciences and other groups that 
a national scientific personnel board be 
provided for in the new Selective Serv- 
ice Act. The Congress did not see fit 
to consider this recommendation when it 
was submitted to them through the 
Thomas Committee of the NSRB. Never- 
theless the coneept of a central policy 
committee to deal with such matters was 
not entirely lost. 

Perhaps the most important develop- 
ment up to the present is the establish- 
ment within the Office of Defense Mobili- 
zation of a Committee on Specialized 
Personnel, appointed by the Director, 
Mr. Charles E. Wilson. This Committee 
will have responsibility for reviewing and 
initiating policy recommendations in the 
whole field of specialized manpower, in- 
cluding Selective Service, the problem 
of Reservists and of Civil Service em- 
ployees. The Committee will also in- 
quire into the implementation of policies 
by the Government. The Committee is 
composed of persons within the Govern- 
ment and non-Government personnel in 
approximately equal ratio. Some of the 
members from within the Government 
are the Director of the Science Founda- 
tion, Director of the National Advisory 
Committee for Aeronauties, Chairman of 
the “esearch and Development Board, 
Di. ctor of the Defense Manpower Ad- 
ministration, and the Commissioner of 
Education. The non-Government mem- 
bers have beex selected from the fields of 
iio seienees and engineering and inelude 
a representative of the social sciences in 


the person of Dr. Douglas Brown, Vice 
President of Princeton University. The 
two members of the Engineering Man- 
power Commission are Messrs. Harry W. 
Winne of General Electric and Dean 
S. C. Hollister of Cornell University. 
Besides this Committee, there are now 
permanently established Advisory Com- 
mittees within the Selective Service Sys- 
tem for dealing with matters which are 
peculiar to that ageney. These groups 
are important in that they furnish for 
the first time official bodies at policy 
levels where matters reiating to these im- 
portant issues can be centered for policy 
discussions. 

However, in this problem it should 
be emphasized that the major difficulty is 
that of public awareness of the magni- 
tude and importance of the problem. 
For this reason it is extraordinarily im- 
portant that an organization such as the 
Engineering Manpower Commission be 
in existence. The EMC has a challenge 
and a function made even more impor- 
tant by the existence of such agencies 
as I have described in the Federal Gov- 
ernment. They can furnish a channel 
through which information can _ be 
brought to those responsible for policy. 
They can take a leading part in the im- 
portant function of disseminating infor- 
mation for the education of the lay pub- 
lie, for the information of employers 
and for the guidance of training institu- 
tions. They can present to the public, 
to the Congress and to the Federal Ad- 
ministration considered opinions of the 
engineering personnel of the nation for 
the guidance in dealing with policy mat- 
ters. If I may make any statement in 
conclusion, therefore, it is to urge that 
every effort be made to strengthen the 
hands of such an organization as the 
EMC in order that it may play to the 
full its key role in assisting to secure an 
alleviation of the present crisis condition, 
in working for an augmented flow of 
persons in training, better support for 
engineering education and better utiliza- 
tion in the national interest of the per- 
sonnel already trained and on the job. 
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National Science Foundation Developments * 


By A. A. 


POTTER 


Dean of Engineering, Purdue University Member; National Science Foundation Board 


Basic Research a Foundation for 
Invention 


America’s present industrial suprem 
acy may be traced largely to the fact that 
this country has had a type of govern- 
ment which has encouraged its people to 
invent, to translate their inventions into 
marketable products, and to manufacture 
such products in quantity and at a cost 
to stimulate and satisfy public demand. 
The welfare of our country in the future, 
even more so than in the past, will de- 
pend upon its scientific and technological 
developments and these, in turn, will re- 
quire people who have ability to create 
basic scientific knowledge. 

In the past, our inventors were fortu 
nate to be able to draw upon the basic 
seience findings of other countries, mainly 
Europe. Unfortunately, two world wars 
have greatly depleted the human and ma 
terial resources of other lands, so that 
for many years in the future, the U.S.A. 
has the responsibility for building up a 
stock pile of basic scientifie knowledge. 
Our great asset as a nation has been our 
ability to convert scientific knowledge in 
practical utility. Basic research, on a 
scale commensurate with the dominant 
position of the U.S.A. in applied re- 
search and invention, is essential to pro- 
tect the industrial and technological com- 
petence of our people. Unless we lay the 
foundation of basic research for the prac- 
tical discoveries and inventions, we shall 
fall short in the future as a creative 
people. 


* Paper presented at the 59th Annual 
Meeting of The American Society for En- 
gineering Education at East Lansing, Mich- 
igan, June 26, 1951. 


E. V. Murphree, President and Diree- 
tor of the Standard Oil Development 
Company, in the American Scientist for 
April 1951, states: 


‘*Our health, our industry, our agricul 
ture, and our weapons for national defense 
are all based oa the application of. sci- 
entific knowledge. This scientific knowl 
edge has been slowly built up through the 
years by basic research. Without the foun 
dation laid by basie research, the remark- 
able advances in our standard of living and 
the nation’s health, which have occurred 
steadily through the years, would have been 
impossible. It is clear therefore that the 
proper support of basie research is funda- 
mental to our progress and to our survival 
as a nation.’’ 


Dr. Murphree also ealls attention to 
the fact that “Penicillin is the product 
of basic research” and that “one of the 
strongest reasons why Soviet Russia has 
not overrun Europe is our greatly su- 
perior position on atomic bombs—the 
most spectacular creation of basie re 
search.” 


National Science Foundation Endorsed 
by Leaders 


For a number of years, there has been 
a nation-wide demand for the creation of 
a National Science Foundation and its 
importance has been recognized by of 
ficial statements by the President, the 
only living Past President, Herbert 
Hoover, in the hearings, conferences, and 
debates of several Congresses, and in 
writings and statements of outstanding 
scientists, engineers, physicians, military 
leaders, educators, and industrialists. 

While opposing government control of 
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education and research, the leaders in 
science and engineering recognize the fol- 
lowing successful precedents for the es- 
tablishment of a federal agency for the 
support of advanced education and re- 
search in the sciences: 


(1) The Morrill Act of 1862 and the 
later Morrill-Nelson Acts under which 
the nation-wide system of Land-Grant 
colleges and universities was established. 

No harmful effects on the national sys- 
tem of education or on the Land-Grant 
institutions themselves have resulted 
from the support derived from Federal 
grants under the acts, but those colleges 
have contributed richly to American 
agriculture and industry. 

(2) The Hatch Act of 1887, establish- 
ing the Agricultural Experiment Sta- 
tions of the country, and the subsequent 
Adams Act, Purnell Act, Bankhead-Jones 
Act, and the Research and Marketing 
Act amending the Bankhead-Jones Act, 
providing Federal aid for agricultural 
research, have been of the greatest benefit 
to the nation at large and particularly 
to its farm population. 

(3) The Act establishing the National 
Bureau of Standards, a division of the 
Department of Commerce, has resulted 
in better standards of value to the public. 

(4) The Act establishing the National 
Advisory Committee for Aeronautics, an 
independent Federally-supported agency 
having as its purpose the development, 
through research and experimentation, of 
improved methods of air transportation. 
It is widely agreed that NACA has ren- 
dered service of the utmost importance 
to the science of aviation. 

Thus, in the fields of higher education, 
agriculture, maintenance of standards, 
and the specialized field of development 
of aeronautics, support given by the Fed- 
eral Government to research has been of 
very great importance without causing 
injury to private business or the domina- 
tion of industry. It has long been ree- 


ognized that similar aid rendered on a 
broad basis and safeguarded as in the 
present National Science Foundation Act 
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would be of similar benefit in the fields 
of basic science. 

We have reached a stage of such com 
plexity in scientifie endeavor and cost of 
equipment necessary for basie research 
is so great that universities and private 
research foundations have insufficient 
resources to go forward speedily in creat- 
ing new knowledge. Thus government 
aid for basie research is essential. In 
so far as industry is concerned, there is 
a limit as to the amount it can expand 
for long range basie research projects. 
Many American industries are well 
equipped to invent and earry on pro- 
grams of basic as well as of applied re- 
search, but few have the means for basic 
research which has a remote connection 
with immediate gains. 


Objectives of National Science 
Foundation 


In the National Science Foundation 
Act of 1950 (Public Law 507, 81st Con- 
gress, S247) the Foundation is estab- 
lished in the executive branch of the Gov- 
ernment as an independent agency. The 
Foundation is authorized and directed, 
among other functions, to develop and 
encourage the pursuit of a national policy 
for the promotion of basic research and 
education in the sciences; to initiate and 
support basic scientific research in the 
mathematical, physical, medical, biologi- 
eal, engineering, and other sciences; to 
award scholarships and graduate fellow- 
ships in the above fields; to foster the 
interchange of scientific information 
among scientists in this and in other 
countries; to maintain a register of sci- 
entific and technical personnel; and to 
initiate at the request of the Secretary 
of Defense research projects in the in- 
terest of national defense. 

The primary responsibility of the 
Foundation is to develop a sound na- 
tional policy for the promotion of basic 
research and education in the sciences. 
This will require the best thinking of the 
most competent of our people. To sup- 
plement the Board and the Staff, the 
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Foundation is authorized to establish spe- 
cial commissions to make comprehensive 
surveys of research, both public and pri 
vate, recommending to the Foundation 
an over-all research program in the field 
of the survey. It is hoped that several 
such commissions will be functioning dur- 
ing the next year. It is expected that 
the thinking of organized _ scientific 
groups, including professional societies, 
will also be utilized in developing a 
national science policy. 

The next most important task of the 
Foundation is to evaluate through factual 
surveys the need for research in the sev- 
eral basic scientific fields, with special 
reference to our national interest, and 
to provide emergency support in the di- 
rections of greatest need. 

The Act authorizes and directs the 
Foundation to award “scholarships and 
graduate fellowships in the mathemati- 
eal, physical, medical, biological, engi- 
neering, and other sciences.” No decision 
has been reached about the support of 
undergraduate scholarships, but this 
problem is being studied by a committee 
of the board. There is, however, a most 
urgent need for graduate fellowships, as 
large numbers of our superior and poten- 
tially creative young people stop with 
the Bachelor’s degree because of inade 
quate financial support. It is estimated 
that in the three-year period, 1947 to 
1950, over 14,000 potential candidates for 
the Ph.D. degree in the sciences were pre- 
vented from entering graduate schools 
because of the lack of funds. In the 
immediate future, this problem will be- 
come more serious, as approximately one- 
half of the graduate students in the years, 
1948-50, received G. I. benefits. The 
Foundation hopes that appropriations by 
the Congress will make it possible to pro- 
vide about 2000 pre-doctoral and at least 
100 post-doctoral fellowships during the 
fiseal year, 1952-53. These will make up 
only about 3.6 per cent of the graduate 
students in the fields of science, engi 
neering, and medicine. The National 
Research Council, because of its 30 years 
of successful experience in fellowship 


. 


programs, will administer the Founda 
tion’s fellowship program in the opening 
year, but appointments, as required by 
law, will be made by the Foundation. It 
is felt that the graduate fellowship pro- 
gram should be given preference by the 
Foundation to undergraduate 
ships at this time in order to insure an 
adequate supply of man power with the 
necessary tools for research in the basic 
Especially the post-doctoral 
fellowships should develop the future 
leaders in research and education as 
mature scientists, who have already re- 
ceived their doctorate, will thus be able 
to spend one or two additional years on 
specific problems in scientifie research. 


scholar 


sciences. 


Starting Date for Fellowships Has Not 
Been Determined 


Serious problems exist in the dissemi- 
nation of scientific information, both in- 
ternally in this country and in obtain- 
ing for our scientists the benefit of sei 
entifie information developed in other 
countries. The foundation hopes to be 
able to aid in the exchange of informa 
tion in the following ways: 

The staff of the Foundation expect to 
undertake a study to determine in which 
areas publication facilities are lacking 
or inadequate, where gaps exist in the 
major collections of scientifie literature 
and how those gaps ean be closed, and 
factors which contribute to a lag in pub- 
lication of research results. The Foun 
dation also expects to sponsor research 
to develop new techniques for the quick 
and economical dissemination of seien- 
tifie information. The Foundation hopes 
that its means will make possible more 
travel by American scientists to scientific 
meetings in other lands in order to 
broaden their contacts. 

In formulating a national poliey for 
science and in planning for mobilization 
of scientific effort in ease of a national 
comprehensive information 
about man power is essential. The na 
tional roster of scientifie personnel was 
established at the beginning of the Sec- 


emergency, 





84 NATIONAL SCIENCE FOUNDATION DEVELOPMENTS 


ond World War to supply this informa- 
tion and has demonstrated its usefulness. 
In 1949, the National Securities Board 
concluded that the establishment of the 
roster on a broad basis was essential to 
our mobilization readiness. Pending the 
passage of the National Science Founda- 
tion Act, the U. S. Office of Education 
activated and administered the National 
Scientific Register in a most effective 
manner. It is expected that the National 
Seience Foundation will assume direct 
operation of this Register some time dur- 
ing the fiscal year, 1951-52. It is ex- 
pected that the Register will not only 
continue the registration of scientists 
and the analysis of their experience, but 
will prepare and publish statistical stud- 
ies of the personnel included in the Regis- 
ter, and will develop and maintain a 
clearinghouse of information on_ scien- 
tific personnel. 

As soon as the Congress makes ap- 
propriations for the fiseal year 1951-52 
the Foundation will be ready to receive 
proposals for basic research. 

While the Foundation hopes to concen- 
trate its efforts on basie research, it is 
ready to cooperate, at the request of the 
Secretary of Defense, on other types 
of research in the interest of national 
security. 


The National Science Board 


The Foundation is directed to have a 
National Science Board of 24 members 
appointed by the President, by and with 
the advice and consent of the Senate. 
The Board is expected to be representa- 
tive of the fields of basie science, medical 
science, engineering, agriculture, educa- 
tion, and public affairs, and is expected 
“to provide representation of the views 
of scientific leaders in all areas of the 
Nation.” 

The Board of the National Science 
Foundation has held six meetings up to 
date. It elected James B. Conant, of 


Harvard University, as Chairman of the 
Board and D. T. Bronk, of Johns Hop- 
kins University, as Chairman of its Exe- 


cutive Committee. Acting upon the nomi 
nation and advice of the Board, the 
President of the United States of Amer- 
ica appointed Alan T. Waterman, of 
O. N. R., as the first Director of the 
Foundation. 

The Board set up the following divi 
sions: 


1. Division of Medical Research. 

2. Division of Mathematical, Physical, 
and Engineering Sciences. 

3. Division of Biological Science. 

4. Division of Scientific Personnel and 
Education, which is to concern itself with 
graduate fellowships in the mathematical, 
physical, medical, biological, and engi- 
neering sciences. 


The Director of the Foundation was 
requested to contact the major societies 
for nominations to membership in the 
several divisions, as the Board is to con- 
cern itself largely with policies and not 
with operation. 

The Engineers Joint Council, at its 
meeting in New York on May 18, 1951, 
took the following actions with rela- 
tion to the National Science Foundation: 


Mr. Davies read a letter from Dr. 
Alan T. Waterman, Director of the Na- 
tional Science Foundation, dated April 
23, 1951, asking for suggestions of names 
of engineers suitable for appointment as 
members of the Divisional Committee of 
Mathematical, Physical and Engineering 
Sciences of the Foundation. After dis- 
cussion, it was VOTED: 


that the Seeretary of EJC request each 
constituent society to report promptly 
names of three members suitable for 
appointment by the Director of the 
National Science Foundation to this 
Committee. 


The members of the Committee on 
Engineering Sciences were asked to aid 
the secretaries in choosing names of ap- 
propriate engineers. 

After further discussion on the work 
of the Foundation, and manner in which 
its funds were appropriated ; the need for 
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properly trained personnel, ete., it was 
VOTED : 


that the Committee on Engineering 
Sciences, in consultation with the Com- 
mittee of Secretaries, compose a letter 
to be sent by the Secretary of EJC to 
Dr. Waterman of the National Sci- 
ence Foundation, along the following 
lines : 


(a) that EJC took an active part in 
promoting the establishment of the 
National Science Foundation; (b) 
that EJC is vitally interested in the 
activities of the National Science 
Foundation; (c) that present EJC 
interest is indicated through the ap- 
pointment some months ago of a spe- 
cial Committee on Engineering Sci- 
ence; the specfic purpose of which 
is to cooperate with the National 
Science Foundation in matters of 
basie research and education in engi- 
neering science; (d) that this Com- 
mittee is composed of two members 
of each of the five constituent engi- 
neering societies of EJC. The Chair- 
man of the Committee is Dr. Boris 
A. Bakhmeteff (ASCE). Its other 
members are Dean Thorndike Saville, 
ASCE; Dr. A. M. Gaudin, Dr. R. M. 
Brick, AIME; Professor A. G. 
Christie, Dean A. A. Potter, ASME; 
F. M. Farmer, M. J. Kelly, AIEE; 
Earl T. Stevenson, Dr. Chas. M. A. 
Stine, AIChE; (e) that Engineers 
Joint Council expresses the hope that 
there will be established a close re- 
lationship with this Committee to 
the end that the engineering profes- 
sion may assist to the maximum in 
furthering the objectives of the Na- 
tional Science Foundation, and (f) 
that communications to the Commit- 
tee may be addressed to the Secre- 
tary of EJC, or directly to the Com- 
mittee Chairman, Dean 


York 53, N. Y. 


Thorndike 
Saville, New York University, New 


Basis Research in Engineering 


Some people are of the opinion that 
basic research is confined largely to 
mathematics, physics, chemistry and bi- 
ology. Actually, many of the problems 
now confronting industry and the engi- 
neering profession cannot be solved with- 
out new basic engineering knowledge. 
As concrete illustrations: 


We need more knowledge on contact 
catalysis and on the kinetics of steam- 
‘“arbon and earbon dioxide-earbon reae- 
tions. Contact analysis is of vital im- 
portance in the conversion of coal to 
liquid fuels and it is also of potential 
importance in coal gasification. 

We need to know more about the 
mechanism of combustion and coal strue- 
ture. There are certain sciences basic to 
engineering which are no longer of in- 
terest to physicists and chemists, such as 
fluid mechanics, elasticity and plasticity, 
heat transfer, and electronies. 


The Director as the Key Person 


Finally, the effectiveness of the Na- 
tional Science Foundation will depend 
upon the Director, who is the key per- 
son in any research organization. The 
Science Board, made up as it is of very 
busy people, can concern itself only 
with major policy matters. The Director 
must have the breadth, vision, and wis- 
dom to plan, approve, supervise, coor- 
dinate, and evaluate research programs 
at the cooperating laboratories; must in- 
terpret the findings of these laboratories 
so that they are comprehended by the 
public; and must have ability to com- 
mand the confidence of the White House, 
Congress, cooperating organizations, Na- 
tional Science Board, and of the public 
at large. We are fortunate in having 
Dr. Alan T. Waterman as the first Di- 
rector of the Foundation. He, as well 
as the National Science Board, however, 
will need the active cooperation and ad- 
vice of engineers in insuring that basic 
research in engineering is carried out on 
a seale commensurate with its impor- 
tance to American industry and security. 











An All Powerful Engineering Organization 
is Needed 


By T. H. EVANS 
Dean of Engineering, Colorado A. ¢ M. College 


As most engineers now know, there 
was formed almost two years ago by EJC 
a committee to explore the desirability 
of establishing some means of increasing 
the unity of the profession. The com- 
mittee was to be composed of 16 of the 
leading engineering technical and profes- 
sional societies in the country, and is 
known as the Exploratory Group. Re- 
cently this Group has come out with four 
plans that are recommended for consid- 
eration as possible vehicles by which to 
achieve such unity. The plans are desig- 
nated Plans A, B, C, and D. Plan A is 
essentially an expanded EJC with still 
a severe limitation on membership. At 
the other extreme is Plan D which is 
nothing more than the present National 
Society of Professional Engineers. B 
and C are compromises on A and D re- 
spectively. While the initiation of this 
vital move on the part of EJC is to be 
highly commended, there is no assurance 
that the profession as a whole will aecept 
either of the plans as they now stand. 

The following views about unity in 
general, and certain of the plans in par- 
ticular, are not only those of the author 
but also of numerous acquaintances in 
the profession. Most of us have been 
hoping for many years for a chance to do 
something to unify the profession and for 
a chance to express ourselves on the mat- 
ter. The move by EJC has provided that 
opportunity. The profession missed the 
boat by not unifying during its early de- 
velopment instead of permitting only 
autonomous technical societies to build 
into small but powerful organizations. 


We will now have to do in reverse the 


logical procedure that was followed 
by the American Medical Association 
in achieving outstanding professional 


strength first. It is hoped we will not 
miss the boat again while there is an un- 
usual opportunity to unify. If all selfish 
interests to preserve certain relatively 
minor rights and powers ean be forgotten 
in light of the bigger needs of the profes- 
sion as a whole, then we can gain real 
unity. 

Aside from any comments regarding 
the specific unity organizations proposed, 
it is believed we must first establish an 
objective. To a great many engineers 
the primary justification for unity in our 
profession is to achieve adequate eco- 
nomic and professional recognition of the 
character already gained by the powerful 
Medical profession. Such an objective 
is vital if we choose to establish Engi- 
neering as a real profession. It is hard 
to believe we will ever do it unless we 
have an organization that can include all 
qualified engineers. If such an organ- 
ization is established we should have a 
potential even more powerful than the 
AMA because of the greater numbers in- 
volved. Whether we like it or not, it 
takes power through numbers to gain 
proper recognition, legislation, and ac- 
tion in these times. While most of us 
would condemn the lack of ethics, lack 
of public interest, the ruthlessness, and 
violence practised by the labor unions, 
we still must recognize their strength and 
power, which was gained through num- 
bers. If we wish to achieve higher eco- 
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nomic and professional goals (and I be- 
lieve most of us do) we must do it 
through an organization that has real 
power, as well as represents the Engi- 
neering profession. If true unity is not 
gained now there is a good possibility 
that a number of strong engineering 
collective bargaining groups, which are 
growing and consolidating, will provide 
what a lot of engineers feel is all they 
need. It is astounding to learn just how 
strong some of these organizations are, 
and they are expanding rapidly. 

There seems to be an undercurrent in 
the Report of the Exploratory Group 
that any Unity organization is supposed 
to be subservient to the technical societies 
and National Society of Professional En- 
gineers. If this is the intent of each of 
the four plans proposed then it appears 
to many to be entirely contrary to the 
needs of our profession. Many of us be- 
lieve the unity organization should be 
THE Society and all others secondary to 
it. It is true we can never do without 
the technical societies as far as technical 
development goes, but what is the use of 
achieving technical supremacy if brick 
layers, plumbers, rolling mill foremen, 
ete., through their unions, steal the ball 
and gain more from it than do those who 
create the improvements? In studying 
the four plans thus far proposed, it ap 
pears there is an attempt to preserve ex- 
isting power within presently autono- 
mous organizations and lack of recogni- 
tion of the primary need, which is one 
all-powerful group to represent the Engi- 
neering profession. Why shouldn’t ex- 


isting groups that have the interest of 


the profession at heart merely lend them- 


selves to helping their members and other 
qualified engineers to achieve a real unity 
organization? If gaining true unity in 
the profession means shifting the techni- 
cal societies to a relatively subordinate 
position, many of us who are loyal and 
devoted technical society members can see 
no harm done. It is understood the Medi- 
cal profession operates in such a fashion 
and we have a long way to go to equal 
them. The technical worth of the pres- 
ent societies would not be diminished at 
all. 

To get down to specific plans proposed 
by the Exploratory Group it appears 
that Plan C comes closest to the objee- 
tives expressed above but it would need 
some major alteration in the plan of 
management and membership. It is not 
believed the technical societies should be 
predominant in the governing body, ex- 
cept through their members as “individ- 
ual members” of the unity organization. 
Each individual member should have his 
one vote in determining directly the man- 
agement and policies of the Unity or- 
ganization. 

One state branch of a national founder 
society has appointed a committee to 
study the four plans proposed, as well as 
the matter of unity in general. This 
committee has made a recommendation 
that contains five points substantially in 
accord with the above views. It is hoped 
that with real awakening of a grass roots 
interest in this vital matter something 
significant and useful will result. 

Engineering educators can play an ex- 
tremely vital role in stressing the need 
for real unity in this grand profession of 
ours. 





Heat Transfer and Liquid Metals 
in Nuclear Reactors* 


By RICHARD N. LYON 
Principal Development Engineer, Oak Ridge National Laboratory 


The rate at which heat can be removed 
from a nuclear reactor determines the 
rate at which the nuclear chain reaction 
can safely be operated. Heat arises 
largely from slowing the fission-product 
atoms. Two of these heavy atoms result 
from each fission, and they fly apart with 
a total energy of more than 150 million 
electron volts. The range of these atoms 
in solid matter is such that the heat is 
generated within the reactor fuel itself. 

One problem, then, is the movement of 
heat out to the surface of the fuel. For 
simple geometries, the design is not diffi- 
cult, but distortion of the heat flow pat- 
tern outside the fuel is reflected in dis- 
tortion of the heat flow pattern within 
the fuel. 

Protection is often required for the 
fuel material by a jacket or coolant con- 
duit. The contact between the jacket and 
the fuel is of great importance. Not 
only can this be a source of serious ther- 
mal resistance, but also nonuniform con- 
tact can cause thermal stresses and dis- 
tortion of the fuel element. It may also 
give rise to over-heated regions on the 
jacket. 

Conduction through the jacket offers 
no serious complication unless fins or 
spacers are provided. Because of the 
high heat fluxes involved, even thin scale 
deposits are to be avoided, and a notice- 
able resistance may even occur in some 
cases where the coolant does not wet the 
jacket. 








* Presented before the Middle-Atlantic 
Section of the ASEE, Rutgers University, 
May 12, 1951. 


Proposed reactor coolants range in 
density from hydrogen to molten lead. 
Among other properties, coolants should 
possess the following to a greater or 
lesser extent: 


1. Low neutron absorption. 

2. Low corrosion rate with suitable 
jacket and conduit materials. 

3. High thermal conductivity. 

4. High heat capacity. 

5. Large useful range of temperature. 

6. Good chemical stability in nuclear 
radiation. 

. Simple pumping and plumbing re- 
quirements. 


oj 


Liquid metals have been proposed as 
meeting most of these requirements. 
Some of them have low neutron absorp- 
tion, they can be contained in usable con- 
duit materials and they are are not sub- 
ject to chemical decomposition. 

Their useful range of temperature is 
larger than with any other liquids, and 
the thermal conductivities of liquid 
metals are higher than those of any other 
fluids. 

The high conductivities of liquid metals 
have led to a difficulty in predicting the 
thermal resistance between the fuel jacket 
and the bulk of the coolant. Where the 
conductivity is high, its effect extends 
well into the turbulent region of flow and 
standard equations for the heat transfer 
coefficient cannot be used with assurance. 
Professor Drew and S. A. Isokoff at Co- 
lumbia and Brookhaven have recently 
demonstrated the first point by measur- 
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ing the temperature distribution across a 
turbulently flowing mereury stream in a 
heated tube. Martinelli was the first to 
predict the fact that the usual relation- 
ships could not be applied. At Oak 
Ridge National Laboratory the approxi- 
mate equation Nu = 7 + .025 Pe® was 
proposed and its applicability has been 
demonstrated by several investigators. 

Not all liquid metal heat transfer co- 
efficients have been predicted by the 
above equation, however. Mercury, lead, 
and lead-bismuth alloy frequently fail to 
give as high coefficients in experiments. 
It has been suggested that this is due to 
poor contact between the liquid and the 
wall caused by non-wetting. Under this 
condition, the liquid is supported on the 
peaks of the wall roughness, and a region 
only partly filled with metal results. 
Further work is needed to prove or dis- 
prove this theory. 

Plumbing problems with liquid metals 


College 


R. Norris Shreve, head of the School of 
Chemieal and Metallurgical Engineering 
at Purdue University, will retire at his 
request from headship of the school to 
devote his time to teaching, research and 
writing. He will be succeeded by Edward 
W. Comings, professor of chemical engi 
neering at the University of Illinois. An 
nounement of the change was made by 
Dean A. A. Potter, of all the Schools of 
Engineering at Purdue. 


Ivan C. Crawford, dean of the College 
of Engineering of the University ot 
Michigan, will join the University of 


\ 
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are no more severe than the problem ot 


handling radioaetive liquids. In_ both 
cases, leaks are to be avoided. At mod- 
erate temperatures, small leaks in non- 
radioactive liquid metal systems cause 
only minor difficulties. At high pressures 
and elevated temperatures small leaks 
may become eroded into large leaks 


Liquid metal systems have been operated 
at temperatures over 1600° F. without 
mishap. 

The electrical conductivity of 
metals can be used in pumping and me 
tering. A variety of “electromagnetic” 
pumps and flowmeters have been devel- 


liquid 


oped and used with considerable suecess. 

To stimulate research and use of liquid 
metals outside the atomic energy project, 
a Liquid-Metals Handbook was published 
last summer. Since that time 2500 copies 
have been sold and the book is now out of 
print. A second edition is being drawn 
up and will be available next fall. 


Notes 


Denver’s College of Engineering facult\ 
at the end of the current academic year. 
Dean Crawford has served as dean of 
Engineering at three major institutions 

University of Idaho, University of Kan 


sas and University of Michigan. 


Gifts of $1,175,000 toward a Materials 
Testing and Processing Laboratory under 
construction at Cornell University were 
announeed. 

Completion of the units in early 1953 
will enable the engineering college to 
undertake new defense research, accord- 
ing to S. C. Hollister, Dean of the 


College. 











Properties and Requirements of Materials 


in Nuclear Engineering * 


By DAVID H. GURINSKY 


Brookhaven National Laboratory, Brookhaven, New York 


The selection of materials is dictated 
by the conditions of service to which 


the material will be subjected. This is 
the basis for selection in the field of 
atomic energy as in other fields. Most 


of the same criteria apply in this new 
field, such as yield strength, tensile 
strength, creep strength, corrosion resist- 
ance, etc. However, as in any special- 


ized field, certain properties assume 
greater significance. If one has_ to 


select the one property which is novel 
and important to the field of atomic 
energy, it is the cross section. If the 
element, or alloy, is to be used in a 
reactor, its cross section must be known. 
If the cross section is too large, it cannot 
be used, since the neutron economy may 
be upset. 

The absorption cross section for neu- 
trons is defined as the area of the nucleus 
for absorption. The microscopic cross 
section hag the dimensions cm? and is 
given in barns. One barn is defined as 
10-% em*. The engineer actually 
more interested in the macroscopic cross 
section, which is the product of absorp- 
tion cross section o, and number of 
atoms per cubic centimeter (N). 

In the field of aeronautics, materials 
are compared on their strengths per unit 
weight. Likewise, one may arrive at a 
figure of merit for materials which may 
be used in a reactor. To obtain a 
comparison of materials, one selects the 
property of interest and divides it by 


is 





* Presented before the Middle Atlantic 
Section of the ASEE, Rutgers University, 
May 12, 1951. 
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the macroscopic cross section. By way 
of illustration, the following elements 
and alloys have been arranged according 
to their decreasing merit, with yield 
strength as the property of interest 
(Table I). The yield strength selected 
was that obtained on annealed material. 
Some of these materials are not ordin- 
arily used in the annealed condition. 
It can be seen that if the yield strength 
of a steel could be increased by a factor 
of 5 and this is possible then the quality 
factor would be 0.8. Only in this con- 
dition does steel start to compare fav- 
orably with annealed magnesium and 
zirconium. It is still not as desirable as 
Be on this basis. 

There are, however, other quality 
factors which need to be computed such 
as the creep strength at elevated tem- 
perature. In this case, the order will 
probably be different. At high temper- 
atures the stainless steel because of ex- 
cellent creep resistunce should show up 
favorably even though the cross section 
is high. It becomes apparent then that 














the conditions of service will, even in 
TABLE I 

Yield’Strength Cn F.M. 

Ib/in? X 103 | cm? 107% x 108 
Be 26. .009 23.6 
Mg 14. 4 0.88 
Zr 15. 5 0.71 
Al 5. 6 | 8 0.42 
St. Steel | 40. 2.8 0.19 
L. C. Steel | 30. | 2.6 0.16 
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PROPERTIES OF MATERIALS 


atomic application, be a determining 
factor in the selection of materials. 


Radiation Prope rties 


Thus far, we have considered one new 
physical property of materials (namely 
the cross section) as a basis for selection. 
There is an environmental aspect which 
is also new and has a real bearing on the 
kind of material which is recommended 
for a particular use. One must ask, 
will this material be stable to ‘‘Radia- 
tion’? Although there are four basic 
types of particles or radiation, fission 
products, neutrons, Beta and Photons, 
present in a reactor, only the first two 
are of importance to metals and alloys. 

I shall discuss in general terms only 
the effect of neutrons. If a fast neutron 
strikes a nucleus of a metal it has 
sufficient energy to knock the struck 
atom out of its position in the lattice. 
The energy of the struck atom is given by 


2A 
AE=E 
"(A + 1)? 
where yo = initial energy of the neutron, 


AE = loss of energy of the neutron 
or energy picked up by 
the struck atom, 

A =atomie weight of struck 
atom. 


The original neutron can go on to strike 
more atoms in the lattice. Likewise 
the struck atom can go to knock more 
atoms out of their lattice positions or it 
may lose its energy by ionization. The 
damage to a lattice is then computed by 
determining the number of atoms which 
have been displaced. Dr. Slater’ in a 
recent article in the Journal of Applied 
Physics has pointed out another approach 
to radiation damage which is statistical 
or thermodynamic. The argument in 
this type of analysis is as follows: The 
energy required to displace an atom from 
its lattice site is of the order to 25 ev. 

1 “Effects of Radiation on Materials,” J. 


C. Slater, J. A. Physics, Vol. 22 (237-251), 
March, 1951. 
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TABLE II 


REsistTivirty* oF Cu;Au SAMPLES Berort 
AND AFTER IRRADIATIONS 


Ordered Samples Disordered Sar 
Neutron 
Fluxt er 
Before After Before After 
0.4 4.60 5.71 11.20 
0.6 4.60 | 6.25 | 11.20 
1.0 4.60 7.54 11.20 
1.5 4.60 8.36 11.20 
3.3 4.60 10.10 11.20 





* Unit of resistivity: 10-§ ohm-cm. 
*+nvt above 50.000 ev. Unit is 10'° » per 
Sq. cm. 


If initial energy of the neutron is dis- 
sipated amongst the atoms along its 
path in 25 volt increments, we will have 
for a 1 mev neutrons approximately 
$< 104 atoms which have been brought 
to the vaporization temperature. Since 
this high temperature region is highly 
localized, these regions which have been 
so heated quickly cool down and are 
quenched. Many of the atoms will not 
have a chance to return to their original 
positions. The net result is a region in 
the metal or alloy where many atoms 
have been displaced. 
a stress in the lattice. 
to work hardening. 
To illustrate this effect, the published 
work of Billington and Siegel? may be 
cited. They selected an alloy of copper 
and gold for this irradiation study. The 
ratio of atoms of copper to gold is three 
to one. This alloy Cu;Au may by 
proper heat treatment be obtained in 
the ordered condition. In this condition 
the atoms of gold occupy the corners of 
a cube and the atoms of copper occupy 
the center of the faces of the cube 
Also by another heat treatment, the 
alloy may be obtained in the disordered 
condition, or stated differently, the atoms 
of gold and copper take up random 


This gives rise to 
This is equivalent 





2 “Effect of Nuclear Radiation on Metal,”’ 
D. S. Billington and Sidney Siegel, Metal 
Progress, Dec.; 1950, pp. 847-852 
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positions. The properties of this alloy 
differ markedly depending on whether 
the alloy is in the ordered or disordered 
condition. 

Samples of the ordered and disordered 
alloys were subjected to different total 
irradiations. By consulting Table II, 
it can be seen that after an irradiation 
dosage of 3.3 X 10'* neutrons the ordered 
alloy has been almost entirely converted 
to the disordered form. This is striking 
proof of the fact that atoms are displaced 
from their lattice positions. Of the two 
methods considered for calculating the 
damage, the second method seems to 
explain the results of this experiment. 

These experimenters have tested the 
effect of radiation on many materials 
by measuring the electrical resistivity 


and hardness changes. They found that 
if the material was subjected to sufficient 
radiation, hardness increases were ob- 
served. Aluminum seemed to be an 
exception. The greatest increases in 
hardness were observed if the original 
material was in the softest condition. 
A saturation effect was noted for beryl- 
lium copper alloys and various stainless 
steels. 

In conclusion, if one wishes to general- 
ize on the materials problems in the 
field of atomic energy, it can be stated 
that there is one new physical property, 
the absorption cross section, and one 
new environmental condition, radiation, 
which must be considered by the 
materials engineer in the selection of 
materials, 





tion fee of $3.00 will prevail). 


Bruce L. Sutton, Co-Chairman, 





SOCIETY FOR EXPERIMENTAL STRESS ANALYSIS 
ANNUAL MEETING AND EXHIBITION 


BELLEVUE-STRATFORD HOTEL - Philadelphia, Pennsylvania 


Meeting—Wednesday, Thursday, Friday, November 28, 29, 30, 1951 
Exhibition—W ednesday & Thursday, November 28 & 29, 1951 


The central theme of the entire meeting will be 


EDUCATION & TRAINING for EXPERIMENTAL STRESS ANALYSIS 


Technical sessions will be devoted to—techniques—applications and 
models—fatigue testing—stresses in the plastic range—vibration and im- 
pact—in addition, there will be a symposium on the topic of education and 
training for experimental stress analysis. 

All A.S.E.E. members, and their friends, are invited to visit the exhibits 
and to attend the technical sessions. 
free of charge. For any or all of the technical sessions the usual registra- 


A.S.E.E. members, or friends, wishing to show apparatus or equipment 
should communicate directly with Mr. Greer Ellis, Chairman, S.E.S.A 
Exhibits Committee, P. O. Box 77, Pelham 65, N. Y. 

Inquiries relating directly to the meeting should be addressed to Mr. 
S.E.S.A. Meetings Committee, c/o 
Baldwin-Lima-Hamilton Corporation, Philadelphia, 42, Pa. 

The S.E.S.A. will be glad to send you a program if you will direct your 
request to either of the above, or, to the Society for Experimental Stress 
Analysis, P. O. Box 168, Cambridge 39, Mass. 


(Attendance at the exhibits will be 























Technical Information Services at Atomic 


Energy Laboratories* 


By D. PULESTON 


Brookhaven National Laboratory, Upton, New Yor 


The following description of the tech- 
nieal information services provided at 
Brookhaven National Laboratory is in- 
tended to present a general picture of a 
typical technical information organiza- 
tion at any one of the larger atomie 
energy research laboratories in this 
country. The main difference, in the 
case of Brookhaven, lies in the fact that 
the proportion of unclassified work to 
seeret is somewhat greater than at other 
installations. This, of course, has had 
the effect of increasing our responsibility 
to disseminate information to the widest 
possible extent. 

Before launching into a detailed dis- 
cussion of the information work itself, 
it would be well first to describe the Labo- 
ratory’s organization, and by this means 
indicate the requirements of our sci- 
entists. The Laboratory’s technical staff 
is organized along lines very similar to 
those of a university faculty. There are 
Departments of Biology, Chemistry, Medi- 
cine and Physics. An Instrumentation 
and Health Physics Department is re- 
sponsible for the design and construe- 
tion of electronic equipment for research 
and for radiation safeguards. In addi- 
tion, the Reactor Science and Engineer 
ing Department and the Accelerator De- 
partment were organized to design and 
subsequently to operate the two large re- 
search facilities, the reactor and the high 
energy particle accelerators. Thus, it 
can readily be seen that the demands on 





* Presented before the Middle-Atlantic 
Section of the ASEE, Rutgers University, 
May 12, 1951. 


our technical information facilities, bot! 
internal and external, are extremel\ 
varied in their fields of interest. This 
situation is very similar to that at the 
other major AEC installations. 

The main functions into whieh our et 
forts are directed are as follows: 


(a) The operation of the Researe} 
Library, which comprises books, periodi 
cals and other types of publications in 
the open literature. It is not necessary 
to describe this function in this paper. 

(b) The control, as required by AEC’s 
security regulations, of incoming and 
outgoing classified documents, and the 
operation of a small library of classified 
Project material. 

(ec) The production and distribution 
of technical reports (open and classified 
issued under the auspices ot the Labo 
ratory. 

(d) The processing of papers authored 
by Brookhaven staff members, intended 
for publication in the various open sei 
entifie journals. 


The Classified Library 


The second item, the Classified Library, 
immediately points up one of the great 
information problems facing all AEC 
laboratories—the classified report At 
every stage of its existence, such a docu 
ment must be watched and accounted fo 
and properly safeguarded and only pei 
mitted into the hands of those authorized 
to have it, while on the other hand, it is 
also our responsibility to ensure that it 
receives the optimum distribution within 
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the existing security regulations. An 
additional handicap in this procedure 
lies in the fact that in many eases even 
the title is a classified item. With these 
obstacles, the surest way to bring such 
secret material to the attention of the 
proper persons is by means of personal 
contact. The staff of the Classified Doeu- 
ment Group have been trained over a 
long period in the needs and special in- 
terests of the scientists; in addition, a 
great assistance is rendered by the AEC 
publication Abstracts of Classified Re- 
ports, which is issued bimonthly and is 
cireulated at all project laboratories. 
This publication can be considered as the 
classified counterpart of Nuclear Science 
Abstracts. 

In contrast to the difficulties under 
which classified reports must be cireu- 
lated, the discussion of the dissemination 
of open literature comes as a_ pleasant 
relief. In this case there are no re- 
strictions, the only problem being that of 
weeding out from the great mass of in- 
coming material those items that are of 
greatest interest, thus saving the sci- 
entist’s time and yet helping to keep him 
abreast of the literature. At Brook- 
haven, we have found Nuclear Science 
Abstracts and the Weekly Selected Read- 
ing List extremely valuable in this re- 
spect. The first, a fortnightly Commis- 
sion publication, gives excellent general 
coverage on all unelassified and declas- 
sified material in the fields of nuclear 
science and engineering. At Brook- 
haven, we distribute 200 copies of each 
issue of Nuclear Science Abstracts on an 
individual basis, at the specific request 
of the recipients. 

Nuclear Science Abstracts is supple- 
mented by the Reading List, already 
mentioned, which, since it is prepared at 
Brookhaven, can give a more detailed 
coverage in fields in which the Laboratory 
is particularly concerned. The titles in 
this weekly list are broken down into the 
following categories: General, Physics, 


Engineering, Electronics and _ Instru- 


mentation, Chemistry, and Biology and 
Medicine. Each Wednesday, the new ma- 


terial—books, periodicals and reports 
are culled, both by the Library staff and 
by the scientists themselves. Each of the 
scientific departments has a list of those 
willing to help in the selection for his 
own particular field, and a turn is taken 
each week by one of those on the list. 
In this way, no great burden is placed on 
any one individual; in fact, some of the 
selectors have expressed their satisfac 
tion with the system, as a means of giv- 
ing them the necessary impetus to keep 
in close touch with the Library. In addi- 
tion to the internal distribution of 220 
copies of the Reading List, we have re- 
ceived over 600 requests from other labo 
ratories and institutions connected with 
the atomie energy program. 

While on the subject of the Reading 
List and Nuclear Science Abstracts, it 
should be mentioned that we have devel- 
oped a system for bringing such publi- 
eations to the attention of new staff 
members who might be interested in re- 
ceiving them on a personal basis. At 
the time that a new scientific worker 
joins the Laboratory staff, a check list is 
sent to him, together with sample copies 
of the various publications he may re- 
ceive regularly if he wishes, such as the 
Reading List, Nuclear Science Abstracts, 
and the monthly Library Acquisition List. 


Reports and Translations 


A separate unit within the Technical 
Information Division is concerned with 
the preparation of Brookhaven reports, 
both open and classified. Such reports 
ean be broken down into the following 
categories: Laboratory progress reports; 
technical reports covering single phases 
of research; conference reports contain- 
ing the papers presented at scientific 
conferences held under Laboratory spon- 
sorship; and the Guide to Russian Scien- 
tific Periodical Literature 

This last named item is worthy of 
particular mention, since it is somewhat 
unusual in its scope. Since early 1948, 
Brookhaven has been issuing translated 
lists of titles from the outstanding Rus- 
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sian scientific periodicals, notably the 
journals published by the USSR Aead- 
demy of Sciences. Seven issues ap- 
peared during 1948, but since the begin- 
ning of 1949 the Guide has appeared on 
a basis of twelve issues per year, with a 
cumulative index included in the last is- 
sue for each calendar vear. In addition, 
some translations of abstracts are also 
given, and, in certain cases, translations 
of full articles in the field of nuclear 
physies. 

The project was originally instigated 
as a result of the abandonment in late 
1947 by all Russian scientifie periodicals 
of the practice of publishing in English 
the titles and abstracts of their articles. 
Previously, such material had been avail- 
able in English, French, and German. 
In spite of this lack of cooperation on 
the part of the Soviet Government, it 
has still been possible, though not al- 
ways easy, to obtain copies of their out- 
standing scientific journals within sev- 
eral months of publication. In addition, 
a number of other organizations in this 
country, Canada, and Great Britain are 
cooperating with Brookhaven by submit- 
ting to us copies of any Russian trans- 
lations they may have made; the titles of 
such translated articles are listed peri- 
odieally in the Guide, and are available 
for loan from the Research Library. 
While the Guide is proving very useful 
to a number of our physicists, partienu- 
larly those concerned with cosmie ray 
work, it must also be considered as a 
service to all those interested in solving 
the mysteries of scientifie research be- 
hind the Tron Curtain. 


Distribution of Re ports 


After reproduction, the question of 
distribution naturally arises. In the ease 
of secret reports, this is all too easy; 
copies are sent only to those organiza- 
tions authorized by AEC to receive them. 
The Commission periodically issues lists 
of subject categories, with an appro- 
priate distribution list for each category. 
Such distribution lists are rigidly ad- 


hered to. In the case of open publica 
tions, we feel, and are encouraged to 
feel, that we should give as wide a dis 
tribution within the atomic energy pro) 
ect as is necessary. Thus, we can dis 
tribute to any of our staff members or 
consultants who needs the material, any 
individual working at one of the universi 
ties or industrial installations cooperat- 
ing with or holding a contract with the 
Commission, and the various cooperat 
ing government agencies. In addition, 
there are two standard distribution lists 
we follow automatically; one is the AEC 
list, and the other is the list of Govern 
ment Document Depository Libraries au 
thorized to receive all our unelassified 
material—some 200 public and university 
libraries located all over the country. 
Then, to make such material even more 
accessible to industry and the general 
public, copies are offered for sale by the 
Office of Technical Service, Department 
of Commerce, Washington, D. C., which 
is the properly authorized document sales 
agency for reports emanating from 
within the Commission’s laboratories. 
Another problem is presented by the 
papers written by Laboratory staff mem 
bers for publication in the scientific 
journals. Naturally, when such a paper 
covers research conducted on AEC funds, 
it is necessary to ensure that the neces 
sary checks for patent significance have 


been made, that it contains nothing of a 


classified nature, and that there ism 
statement that might be of questionable 
policy nature. At Brookhaven, these 


checks are made without undue delay by 
having the various departmental secre 
taries prepare the manuscripts on ozalid, 
so that sufficient copies can be run off 
for the checks to be made concurrently, 
with copies also available for the patent 
records, Director’s files, departmental 
files, ete. When all the necessary clear 
ances have been obtained, the paper is 
submitted to the journal, and a copy is 
also forwarded to the Commission’s re- 
production facilities at Oak Ridge, so 
that it can be abstracted in Nuclear S« 

ence Abstracts, and possibly reproduced 
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as an AEC document, if there appears 
to be a considerable delay before it can 
he published in the journal for which 
it is intended. 


Technical Information Panel of AEC 


This concludes the deseription of the 
main technical information service (apart 
from the Library) provided at one of 
the major AEC laboratories, but it only 
gives one side of the Commission-wide 
picture. 
hope to be anywhere near adequate with- 
out the close cooperation of the other 
laboratories, or without the overall co- 
ordination of the Technical Information 
office in Washington. In such an enor- 
mous organization as AEC, with its labo- 
ratories so far removed from each other, 
and the cloak of seerecy so often inter- 
vening, it is vital that, by devious but 
carefully worked-out systems, workers can 
benefit, to the fullest from work 
dueted at other laboratories, thereby also 
avoiding costly duplication of effort. 
How this can best be done is a problem 
which is shared equally by all informa- 
tion officers and librarians, and by the 
Washington Office of the Technical In- 
formation Service. 

The Commission has wisely recognized 
this fact by creating a Technical Infor- 
mation Panel, made up of representa- 
tives from’ each of the major AEC re- 
search contractors, to advise AEC on all 
aspects of its technical information serv- 
This Panel, with Dr. A. F. Thomp 
son as chairman, meets three times a year 
to diseuss technical information problems 


No services such as ours could 


con- 


ices, 


and to make the necessary recommenda 
tions towards improving our services 
Material for the agenda for one of thes 
meetings is solicited well in advance, th 
agenda is then made up and cireulated to 
all Panel members. It is thus their re 
sponsibility before the meeting to dis 
cuss with all concerned at their labora 
tories—librarians, document custodians, 
editors, and of course, scientists—the 
items that concern them particularly, so 
that the members can come to the meet 
ing fully prepared, not only with their 
own views as information 
with the views of the laboratories they 
represent. 

I am pleased to state that the meetings 
are conducted in a_ truly 
spirit, that no complaint or suggestion 
is offered without receiving proper con- 
sideration, and that the general senti- 
ment of all members is that the Commis 
sion is far more anxious to act upon the 
recommendations of the laboratories 
than it is to impose its own ideas upon 
them. Surely this is the keystone of any 
large technical information program such 
as ours, and since there is every reason 
to believe that it will continue to be 
conducted in this fashion, we can hope 
to surmount successfully our future 
problems. However, we must always 
bear in mind the axiom that no teehni- 
eal information facilities, whether they 
be well-stocked libraries, well-written and 
handsomely printed reports, or carefully 
formulated distribution lists, will ever 
be any better than the services of the 
technical information staffs whose re- 
sponsibility it is to make these facilities 
available to science. 


officers, but 


democratic 











Report of Vice President in Charge of General 
and Regional Activities, 1950-51 


The following brief resume of the ac 
tivities of your Vice President for Gen- 
eral and Regional Activities during the 
year 1950-51 is submitted for the infor- 
mation of the General Council. 


I. GENERAL ACTIVITIES 
A. Engineering Enrollment Statistics 


Data on engineering enrollments and 
degrees were collected jointly by ASEE 
and the Office of Education for the see- 
ond year. The February issue of the 
JOURNAL OF ENGINEERING EDUCATION 
carried the Society’s publication of these 
statistics. The Office of Education is 
sued a bulletin similar to the one it is- 
sued last year. The Office experiences a 
strong demand for these reports. 


B. Engineering Manpower Commission 


Your Vice President has 
throughout the year as one of the three 
representatives of ASEE on the Engi 
neering Manpower Commission of the 
Engineers’ Joint Council. 

The Commission has given wide distri- 
bution to its Bulletin No. 1 entitled “Uti- 
lizing Engineering Manpower-Deferment 
Procedures” as a guide to industry. Rep- 
resentations have been made to the Con 
gress with respect to the length of time 
during which deferred from 
military service shall be liable for such 
service. 

The Commission is conducting a vig- 
orous campaign to place before high 
school students and their teachers and 
advisors information about the true situa- 
tion in the engineering profession. Two 
booklets dealing with the shortage of 
engineers have been distributed widely, 
and a third is in preparation, based on a 


served 


persons 


O7 


telegraphic survey of industrial and gov 
ernmental needs. 
The Office of Education 
brief statement prepared 
President under the title “Young Engi 
neers for Industry—-How Many,” 
was written at the direct request of the 
Engineering Manpower Commission. 


has issued a 


by your Vice 


W hieh 


C. Point IV 


Your Vice President reported to the 
Executive Board in March that the State 
Department was planning to request 


various universities to assume responsi 
bility for the educational phases of the 
Point IV program in the countries to 
which teams are to be sent. This policy 
has been changed and the State Depart 
ment is now channeling its programs 
through various Federal agencies ot 
which the Office of Education is one. 

At least for the present the educational 
part of the Point IV Program will be 
focused upon such 
as literacy education, vocational 
education, and home making. There will 
be a few instances in which college level 
teachers will be recruited, but the 
bers will be small. 


basic requirements 


basie 


num 


D. Committee on Improvement of Engi 
neering Teaching 


Your Vice President dur- 
ing the year as a member of the Society’s 
Committee on Improvement of Engi 
neering Teaching on the subcommittee 
headed by Provost Colburn of the Uni 
versity of Delaware. The activities of 
the committee will be reported elsewhere. 


has served 


K. Atomic Energy Education 


Your Vice President has served during 
the vear as the Chairman of the Society’s 
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Committee on Atomic Energy Educa- 
tion. A report was submitted to the 
Executive Board in March covering the 
meetings of four regional subcommittees 
of the Committee which had been held up 
to that time, and transmitting a “Memo- 
randum for Information” prepared by 
the Chief of the Technical Information 
Service of the Atomie Energy Commis- 
sion at the request of the Chairman and 
Secretary of the ASEE Committee. 

On May 8 a meeting of the Steering 
Committee with several representatives 
of the Atomic Energy Commission was 
held in Washington. The minutes of this 
meeting were sent to the Officers of 
ASEE and a digest of the entire year’s 
work of the Committee has been sub- 
mitted for publication in the JouRNAL 
OF ENGINEERING Epvucation. It is the 
belief of the members of the Steering 
Committee that a very useful purpose is 
being served by this Committee, and it 
is the recommendation of your Vice Presi- 
dent that the Committee be continued. 


II. Reaionat ACTIVITIES 


A. Information and Suggestions to Sec- 
tions and Branches 


In September a letter was sent to all 
Section and Branch Officers and Gen- 
eral Council Representatives, containing 
minutes of the June meeting of the Com- 
mittee on Sections and Branches, a re- 
port on the September meeting of the 
Executive Board, and suggestions for 
Section and Branch activities for 1950- 
51. 

In January the first issue of the Clear- 
ing House Bulletin for Section and 
Branch Officers and Representatives was 


issued, containing news items of general: 


society activities and descriptions of sev- 
eral Section and Division activities which 
it was thought would be of value to these 
officers in planning the activities of their 
respective organizations. It apparently 


was favorably received, and elicited some 
suggestions for topics to be discussed by 
the Committee on Sections and Branches 
at its meeting. 


B. New Branches 


New Branches have been approved 
during the year at the University of Ten- 
nessee and at Texas A. & M. College. A 
new constitution was approved for the 
University of Maine Branch, based on 
the model constitution prepared by the 
Committee on Sections and Branches 
last year. 


C. Section Meetings 

Sixteen meetings have been reported 
during the year by 13 of the Society’s 
16 Sections (The Mid-Atlantic Section 
has met twice, and the National Capital 
Area Section three times). 

All meetings have had excellent pro- 
grams and have been well attended. See- 
tion officers deserve the thanks ef the 
Society for their effective contributions 
to this important phase of Society ac- 
tivities. 

At least one national officer has been 
in attendance at each meeting save one, 
when unforeseen events forced changes in 
plans of two officers who had expected to 
attend. It is hoped that this evidence 
of interest in Section meetings will con- 
tinue in future years. 


D. Committee on Sections and Branches 


This Committee held a meeting on No- 
vember 15, 1950, which was devoted in 
part to a discussion of the constitutional 
amendments providing for Associate and 
Affiliate Branches which were at that 
time under consideration, but which have 
since been tabled by the Executive Board. 

The Committee also considered a pro- 
posal that Sections assume responsibility 
for the conduct of summer schools. The 
Committee recommended that such schools 
should be sponsored primarily by one of 
the subject matter Divisions of the So- 
ciety, as they have been in the past, since 
a Division is interested in one particular 
field of education, whereas a Section 
might be characterized as a miniature 
national society interested in all phases 
of engineering education. However, the 
Committee felt that a Section might ac- 
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tively aid a Division in organizing a 
summer school if it saw fit and if satis 
factory arrangements can be made be- 
tween the Section and the Division. 
This recommendation of the Committee 
was endorsed by the Executive Board at 
its meeting later the same day. 

The Manual for Section Officers which 
was prepared by the Committee last 
year is apparently proving useful to 
Section and Branch officers, and copies 
have been requested by officers of two 
Divisions. It is suggested that the Com- 
mittee might well study the Manual fur- 
ther over the next year or two, with a 
view to possible revision and publication 
as an official Society document. 

The Committee met on June 25, 1951, 
to outline plans for its activities during 
1951-52. It is your Vice President’s 
sincere belief that a major factor in the 
vitality and strength of our Society lies 
in the Sections and Branches. He feels 
that the reorganized Committee on See 
tions and Branches has already made a 
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contribution to the Society, and is in a 
position to be even more useful in the 
future. 
[1]. APPRECIATION 

Your Vice President cannot conclude 
his two-year term otf office without ex 
pressing his deep gratitude for the whole 
hearted cooperation he has received from 
the other national officers with whom he 
has served, from the officers of Sections 
and Branches, and from the members of 
the Committee on Sections and Branches. 
Whatever degree of success has attended 
his efforts to serve our Society has been 
in large measure due to the inspiration, 
guidance and cooperation of these gentle 
men. He ean wish his successor no bet- 
ter fortune than that he be favored with 
a continuation of the same cooperation. 


Respectfully submitted, 
Henry H. Armssy, 


V ice Pre side nt in charge of 
General and Regional Activities 
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Report of the Vice President for Instructional 
Activities of ASEE, 1950-51 


The vice president for instructional 
activities maintains contact with Com- 
mittees and Divisions, with the develop- 
ment of Summer Schools, and with the 
planning of the program for the Annual 
Meeting. These items will be taken up 
in inverse order. 

The Program of the 59th Annual Meet- 
ing. Although this program is officially 
a responsibility of the vice president the 
detailed work of organization should be 
and has been carried out by the secretary. 
The function of the vice president has 
been restricted to consulting with the 
secretary when difficult decisions were to 
be made. This has been readily possible 
because of the locations of their respec- 
five offices in Chicago, and Evanston, 
Illinois. The Preliminary Program indi- 
eates that there will be very broad cov- 
erage of the field of engineering educa- 
tion at the Annual Meeting. The Sec- 
retary deserves to be complimented on 
the early publication date of the prelimi- 
nary program which will have a major 
influence upon attendance at the 59th 
Annual Meeting. 

The Summer Schools. Early in the 
year the vice president recommended 
approval of three summer schools and 
one summer conference for 1951. These 
were approved by the Executive Com- 
mittee in October 1950, and they will be 
found listed in the official program on 
pages 30-31. In brief summary these 
summer schools will have the following 
objectives. 


(1) Humanistie-Social Division Sum- 
mer School, to be held June 21-23, 1951. 
The program is devoted to the considera- 
tion of the general problems involved 
in planning, developing, and teaching 


courses and integrated sequences in the 
humanities and social sciences to students 
of science and engineering. 

(2) Engineering Drawing Summer 
School, June 21-26, 1951. The general 
theme will be “Improving our Status as 
Teachers of Engineering Drawing.” This 
includes: (a) Meeting curriculum re- 
quirements; (b) Teaching methods by 
lecture demonstrations, and (¢) Indus- 
trial applications. 

(3) The Summer School in Thermo- 
dynamies will be held June 28-July 7, 
1951. Topics include elementary thermo- 
dynamics, theory and advanced theory, 
with emphasis upon newer trends. 

(4) The Civil Engineering Division is 
planning a conference prior to the An- 
nual Meeting on June 23-25, 1951. The 
program indicates conference papers on 
teaching as a career, teaching techniques, 
electives in civil engineering and _ text- 
book selection and evaluation. 

It is worthy of comment that the mul- 
tiple summer-school plan shows a very 
healthy growth. The vice president feels 
that the Council made a wise decision in 
permitting the development of multiple 
summer schools. No attempt has been 
made to promote such summer schools, 
the growth observed is therefore entirely 
spontaneous. In this connection mention 
should also be made of the Fontana Sum- 
mer Conference sponsored by the South- 
eastern Section which your vice presi- 
dent attended in 1950. This conference 
is of broader scope than the conferences 
mentioned above so that it attracts 
teachers from all fields of engineering. 
Another conference intended quite spe- 
cifically to improve teaching and directed 
primarily toward young teachers was 
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held at Madison, Wisconsin in the spring 
of 1951 under the sponsorship of the 
North Midwest Section. It seems clear 
that both of these sectional conferences 
have served purposes similar to Summer 
Sehools and should, therefore, be en- 
couraged. 

Committees and Divisions. The vice 
president for instructional activities has 
had regular correspondence with Division 
and Committee chairmen concerning such 
matters as Division publications, the 
sponsorship of summer schools, the char- 
acter of the annual program, ete. Since 
officers rotate rapidly certain questions 
will need to be answered every year. It 
is well, therefore, for the vice president 
to have had considerable experience him- 
self in Division activity. 

The Special Committee on Instrue- 
tional Aids. At the request of the sub- 
committee on Visual Aids of the Division 
of Educational Methods and with the ap- 
proval of the Division a special ecommit- 
tee on Instructional Aids was approved 
by the Executive Committee to function 
for a limited period of time. This com- 
mittee under the chairmanship of Profes- 
sor Carl Muhlenbruch of Northwestern 
University is now raising funds from 
industry to publish an index of available 
and approved instructional aids. The 
response of industry has been gratify- 
ing and the completion of this special 
project seems assured. This special 
committee will terminate its activities 
with the completion of this project since 
the Division of Educational Methods will 
maintain a permanent sub-committee cov- 
ering this field. 

The Council Committee on Improve- 
men of Teaching. This special commit- 
tee whose establishment was approved by 
the Council in 1949 was not appointed 
as an active committee until a year ago. 
It had been preceded by a steering com 
mittee which effectively set the objectives 
for the main committee. Since the vice 
president for instructional activities has 
also served as chairman of this special 
committee during the past year this re- 
port will serve a two-fold purpose. 


The Committee for Improvement of 
Engineering Teaching met for the first 
time at Seattle in June 1950. A list of 
members of the Committee is appended 
hereto. At Seattle it was decided to sub- 
divide the committee into three sub- 
committees tor convenience in meeting, 
each having the following objectives. 

Group I meeting in New York under 
the Chairmanship of Dr. Alan Colburn 
was asked to study the problem of im 
provement of teaching by giving empha 
sis to the integration of work in the class 
room, laboratory and drafting room pri 
marily through the use of common scien 
tifie principles or basic laws. This com- 
mittee is also interested in integration 
between fields and departments. 

Group II meeting in Pittsburgh under 
the Chairmanship of Dean H. P. Ham 
mond undertook to give special attention 
to teaching methods and techniques as 
influenced by such factors as class size, 
course objectives, limitations of physical 
equipment, ete. Such techniques include 
lecture, demonstration lecture, recitation, 
squad or group projects, blackboard as 
signments, ete. The evaluation of these 
techniques is being made on the basis of 
fundamental principles of learning. 

Group III meeting in Evanston under 
the Chairmanship of Dr. John Calvert 
is investigating the development of in- 
genuity and resourcefulness in the stu 
dent, emphasizing the importance of de 
veloping a capacity to design for most 
students and of research capacity for at 
least some. 

Sub-committee Meetings. During the 
academic year 1950-51 Group I met twice 
in New York, Group If met twice in 
Pittsburgh, and Group III met once at 
Evanston, Illinois. In addition, the gen 
eral chairman held a special group meet- 
ing for orientation following the ASME 
fall meeting in New York. The result 
of these sub-committee meetings is that 
three reports have been written which 
will guide the overall committee in its 
decisions at East Lansing, Michigan re 
garding how the work of the Committee 
shall be completed. 
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Institutional Committees. It was de- 
cided at Seattle to ask each engineering 
institution to cooperate with the ASEE 
Council Committee by appoining an In- 
stitutional Committee on Improvement 
of Teaching. Eighty of our deans of en- 
gineering have replied to your chairman’s 
request and have furnished the names of 
institutional committees or of the chair- 
man. The evidence points to the fact 
that well over 100 institutions have ap- 
pointed such committees but some have 
failed to notify your chairman of their 
actions. Some thirty reports were re- 
ceived from these institutional commit- 
tees on their studies, and these reports 
have been digested by the three groups 
or sub-committees. It is clear to every- 
one concerned that the great activity on 
institutional campuses during this year 
which was directed toward improvement 
of teaching is the most significant part 
of your Council Committee’s work. We 
hope to stimulate continued activity of 
this nature into 1952. 

Kast Lansing Meeting June 23-24. 
The Council Committee on Improvement 
of Teaching will meet in East Lansing 
for two days preceding the Annual Meet- 
ing. Sub-committee reports will be re- 
ceived and plans will be drawn for the 
completion and writing of a final report. 
The Committee expects to make its final 


report to the Annual Meeting at Dart- 
mouth in 1952. 

Other Activities at the Annual Meet- 
ing. The Committee for Improvement of 
Teaching has arranged a luncheon and 
discussion meeting on Monday, June 25 
with representatives of institutional com- 
mittees concerned with improvement of 
teaching. This will be a valuable op- 
portunity for your Committee to learn 
of local or institutional thinking. On 
Wednesday, June 27, your Committee 
will report to the ASEE membership at 
the General Session. And on Thursday, 
June 28, the Committee will jointly spon- 
sor a meeting of Young Engineering 
Teachers devoted to improvement of 
teaching. 

This completes the activities of this 
Council Committee for 1950-51. If it is 
your desire to continue its activities it 
appears probable that they can be com- 
pleted during 1951-52 and that the Com- 
mittee should be discharged at the time 
of the Annual Meeting in 1952. 

The above completes the report of the 
vice president for instructional activi- 
ties for the year 1950-51. 


Respectfully submitted, 
L. E. GrInTEr, 


Vice President in charge of 
Instructional Division Activities 


Cooperative Division to Hold Third Annual 
Mid-Winter Meeting 


The Cooperative Division of the ASEE will hold its Third Annual Mid- 
Winter Meeting at Northwestern University, November 8th and 9th. The 
program is planned to be a part of the Technological Institute’s program 
in the Centennial celebration of Northwestern University this year. 
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Annual Report of the Engineering College 
Administrative Council, 1950—51 


Meetings 


The Executive Committee to date has 
held two meetings as follows: Carlton 
Hotel, Washington, D. C., November 16, 
1950; Palmer House, Chicago, Illinois, 
March 14, 1951. There was one hundred 
per cent attendance of committee mem- 
bers at the meeting in November, and 
all members except one were present for 
the meeting in Chicago in March. 

The Washington meeting was held in 
conjunction with the regular fall meet- 
ing of the Engineering College Adminis- 
trative Council, which by custom is held 
immediately following the Land-Grant 
College Association meeting. The March 
meeting of the Executive Committee was 
held in Chicago which seemed to be a 
more central location for all of our mem- 
bers. It was held immediately preceding 
the General Council meeting and we had 
the pleasure of the presence and the 
benefit of the counsel of President Daw- 
son and Secretary Bronwell. 

It is especially to be noted that it was 
necessary for the Executive Committee 
to elect a new man to its membership 
due to the resignation of Dr. T. Keith 
Glennan. This election occurred at the 
fall meeting. At the spring meeting the 
Executive Committee authorized the for- 
mation of a Nominating Committee to 
consider and recommend nominees for 
certain offices of the Engineering College 


Administrative Council. These offices . 


are: chairman, secretary, and one member 
of the Executive Committee, all for two- 
year terms. The retiring member of the 
Executive Committee is Dean R. E. 
Vivian. These new officers will take office 
July 1, 1951. Recommendations for 
them will be presented and election held 


at the business meeting of ECAC at East 
Lansing, Michigan, in June. 

Fall Meeting—The fall meeting otf 
the Engineering College Administrative 
Council was held at Washington, D. C., 
November 16, 1950, 2:30 P.M., at the 
Carlton Hotel. The theme of the pro 
gram was “Mobilization of Engineering 
Education.” It presented governmental, 
industrial, and educational attitudes, op- 
erating procedures, and plans to meet 
the critical manpower problems due _ to 
our expanding defense and armament 
program. The meeting was well attended, 
approximately two hundred being pres 
ent. Details of this meeting are shown 
as Appendix II. 

Annual Meeting —Michigan State Col- 
lege, East Lansing, Michigan, June 25 
29, 1951. The program as planned for 
the Engineering College Administrative 
Council’s activities as part of the annual 
meeting ineluded a business meeting of 
the Committee on International Relations 
with W. R. Woolrich presiding on June 
26, and an Executive Committee meeting 
for members of the Committee and of- 
ficers of the Society only. A joint ECAC 
Meeting of the Committee on Secondary 
Schools and Selection and Guidance was 
held on June 27 with W. S. Evans pre- 
siding. On June 28 the ECAC General 
Session had as its theme, “Manpower and 
Military Problems in Relation to Engi- 
neering.” J. H. Lampe, Secretary, 
ECAC, presided. This was followed by 
a joint meeting of the Military Affairs 
and Manpower Committee with L. E. 
Grinter presiding. On June 29 an Ex- 
ecutive Session for institutional repre- 
sentatives only was held with F. E. Ter- 
man presiding. 
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The Executive Session which was held 
in Seattle in June, 1950, was very suc- 
cessful. Many administrative problems of 
wide interest were discussed and effective 
comments were received from administra- 
tors of all sections of the country. The 
suecess and helpfulness of the Executive 
Session last year led to the planning of 
another special meeting for institutional 
representatives only. The following top- 
ics were discussed: A. Washington Report 
—Uncensored, which was an off-the-reeord 
report from Dean Saville; B. Special 
Problems of 1951-52, which dealt with 
accelerated programs, lower enrollments 
and staff reductions, business and ad- 
ministrative problems, under current 
conditions, faculty status of senior re- 
search men, salary policy, ete.; C. “Ad- 
ministrative problems arising from ex- 
panded research activities in the schools; 
D. General problems—‘Up or out” plan 
for faculty tenure, placement service 
for engineers—how to operate, func- 
tional activity, how should faculty take 
part? 


Projects of the Year 


At the Executive Committee Meet- 
ing in Washington on November 16, 
1950, it was decided to conduct a survey 
on the June, 1950, engineering gradu- 
ates to determine where these men are 
now located professionally. This work is 
being done by the Manpower Committee 
headed by Mr. George D. Lobingier, 
chairman. The Manpower Committee, in 
conjunction with the Engineers’ Joint 
Council, has also worked on the problem 
of increasing the interest of high school 
students in engineering as a career. 

The Selection and Guidance Committee 
in conjunction with the Engineers’ Coun- 
cil for Professional Development is mak- 
ing a study on the best way that ECAC 
can help in proper guidance in place- 
ment activities in the engineering col- 
leges. Further, the Committee has 
worked with the Edueational Testing 
Service on the Pre-engineering Inven- 
tory Tests. 

The Committee on International Rela- 
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tions upon a request from the Army to 
nominate engineering educators for a 
fifteen-man panel to go to Japan for 
two months in the summer of 1951 or 
ganized a Commission under Dean Ham. 
mond. This Commission was headed by 
H. L. Hazen. 

The ECAC sponsored the cireulation of 
the bulletins of the American Council 
on Edueation to all institutional mem- 
bers. 


News Bulletin 


During the past year the ECAC News 
Bulletin was cireulated six times to our 
institutional, associate, and affiliate mem- 
bers and to the ASEE officers and coun- 
cil members. — 


Informational Announcements 


(IL) Executive Committee Meeting, June 
27, 1951 


(a) Military Affairs Committee. In 
view of the immediate need for 
work with Federal groups and 
agencies with respect to Uni- 
versal Military Training, a new 
committee for 1951-52 was im- 
mediately appointed. The Com- 
mittee is as follows: W. Allan, 
Chairman; Messers Davis, Haw- 
kins, Trytten, White, Norris 
and Wessman. Additional mem- 
bers may be appointed in the 
near future. 

(b) Chairmen for other ECAC 
mittees for 1951-52 are: 


Secondary Schools, W. S. 
Evans; 
International Relations, L. J. 
Lassalle ; 
Selection and Guidance, H. 
R. Beatty; 
Manpower, 
gierx. 
(II) Business Meeting of ECAC 


George Lobin- 


This meeting was held on June 28, 
1951. Dean Barlow, Chairman of the 


Nominating Committee, made the ree- 
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ommendations and the following were W. T. Alexander, new member of Ex 

elected for the term and office indicated : ecutive Committee (term expires 
‘ho: re July 1, 1953). 

J. H. Lampe, Chairman of ECAC and 


Vice-President, ASEE (term ex- Respectfully submitted, 


pires July 1, 1953) ; F. E. Terman, Vice-President of 

W. L. Everitt, Secretary (term ex ASEE in Charge of EC A¢ 
pires July 1, 1953); J. H. Lampe, Secretary, ECAC 

Fall Meetings Fall Meetings 


ENGINEERING COLLEGE ADMINISTRATIVE COUNCIL 
ENGINEERING COLLEGE RESEARCH COUNCIL 
GENERAL COUNCIL 


November 15, 1951 Rice Hotel, Houston, Texas 


The ECAC along with the ECRC and the General Council will hold meetings at 
the Rice Hotel, Houston, Texas, Thursday, November 15, at 2:00 P.M. These meet 
ings will immediately follow the annual meeting of the Association of Land-Grant 
Colleges and Universities, which will be held at the Rice Hotel from Monday, November 
12, until Thursday noon, November 15, inclusive. Members of the ASEE are invited 
to attend the ECAC and ECRC meetings. The meeting of the General Council is the 
usual fall business meeting. 

The ECAC Session will deal with proposals for the development of close working 
relationships among engineering colleges, high schools and junior colleges. Such re 
lationships are becoming increasingly important, since they vitally influence the quan 
tity and quality of students entering engineering colleges. 

The main theme of the ECRC Session will be “Current Problems in University Re 
search Relations.” Primary attention will be given to: 

1. Developments in contract relationships with the Federal Government ; 

2. Diseussions of Basic Research in Engineering, particularly as may be related 

to the National Science Foundation Program; 


3. General report on Washington research activities. 





Report of the Engineering College 
Research Council, 1950-1951 


The activities of the Research Council 
during the past twelve months have been 
set against the background of an un- 
precedented national need for the prod- 
ucts of engineering and scientific talent. 
We are caught in the vise between greatly 
augmented needs of all kinds of engi- 
neering production and research—and 
decreasing numbers of men trained for 
these vital assignments. Though the real 
pressure from these factors is still ahead, 
in this environment the Research Council 
has already found new responsibilities 
and some of our greatest opportunities. 

During the Fall, as the first phases of 
industrial and scientific mobilization were 
completed, the Research Council was 
represented at a series of conferences on 
the problems and responsibilities of edu- 
cational institutions. These were cli- 
maxed in Washington in November, at 
the fall meetings of the American So- 
ciety for Engineering Education, when 
the Research Council sponsored a panel 
discussion by principal federal officials 
concerned with research and development 
needs. Since that time we have con- 
tinued active liaison with these federal 
agencies involved in the procurement of 
engineering research. In this work we 
have sought to supplement and guide the 
contacts of individual institutions—and 
to encourage them to seek the benefits of 
direct discussions. 

We have recently completed the third 
volume in the continuing biennial series 
of “Review of Current Research,” and 
this project, too, derives added urgency 
from its environment. With research 
and development needs outstripping our 
national capacity, it is important that we 
know what is being done, how, and where. 
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We cannot now afford the luxury of 
duplication and repetition. 

The 1951 “Review of Current Re- 
search” reflects the startling growth of 
engineering research in our member in- 
stitutions. This year’s book lists over 
5200 individual research projects, the 
work of more than 11,500 faculty, gradu- 
ate students, and research engineers. 
These projects are responsible for an- 
nual expenditures of $50.5 million in the 
92 institutions now qualified for Engi- 
neering College Research Council mem- 
bership. This is a growth of more than 
$15 million in a two-year period, and 
an increase of over 1000 projects and 
1500 research workers. 

Amendments to the By-Laws provid- 
ing for the organization of regional sec- 
tions of the Engineering College Re- 
search Council were approved during the 
past year. We hope that the new groups 
thus made possible may assist in the de- 
velopment of research activities in smaller 
engineering schools which do not qualify 
for Active Membership. 

The Research Council’s second major 
project during the current year has been 
the accomplishment of the Committee on 
Relations with Military Research Agen- 
cies, of which Dean A. F. Spilhaus is 
Chairman. Following the Washington 
meeting in November, this Committee 
was encouraged by the Research and De- 
velopment Board to undertake an _ in- 
ventory of the resources for scientific 
and engineering research in American 
colleges and universities. Now for the 
first time, as a result of this work, we 
know the research potential of more than 
500 educational institutions in these criti- 
eal fields§ We know the number of 


JourNAL oF ENGINEERING EpucaTION, Oct., 1951 








qu 


I 
‘ 
é 
1 








REPORT OF ENGINEERING RESEARCH COUNCIL 107 


faculty members and senior students 
qualified and available for research in 
the various fields of science and engineer- 
ing at each school; we know the special 
areas in which these people are particu- 
larly interested and prepared to do re- 
search; and we know something of the 
kind of equipment with which they have 
to work. 

It is far too early to estimate the ef- 
fectiveness of this substantial project, 
but we are certain of its potential value 
to American higher education and we 
are assured of its importance to national 
defense. 

The Committee has catalogued a sub- 
stantial reserve of research potential in 
the smaller engineering and liberal arts 
institutions throughout this country which 
have thus far not been able to contribute 
their share of our research and develop- 
ment needs. Even in larger schools we 
have found an important reserve. I am 
confident that this project can make pos- 
sible a more equitable distribution of 
research and development responsibili- 
ties to all colleges, can assure that col- 
leges may maintain their scientific staffs 
by providing research opportunities in 
line with professional interests, and 
promises that scientific and technical edu- 
eation throughout the nation may be 
strengthened and enriched at a time when 
its product is most needed. 

During the coming months the de- 
mands on educational institutions for re- 
search and development will be greatly 
augmented. It is important, in this pe- 
riod of increasing pressure, that all col- 
leges and universities fulfill their re- 
sponsibilities to the nation with serious- 
ness and effectiveness. It is particu- 
larly necessary that, in so doing, they 
maintain their academie and fiseal in- 


tegrity. We must obviously guard 
against poor research achievements; as 
our volume increases, and the pace of 
our tasks mounts, we must not permit 
standards to fall. 

And we must maintain our positions 
as educational research organizations. 
For this is not merely a time when Amer 
ica needs the results of research and de- 
velopment. The vise which makes our 
present situation especially grave is that 
we need not only these new advances 
which ean result from today’s studies. 
We desperately need many, many more 
men qualified to do all kinds of research, 
and we as desperately need the funda 
mental information on which the devel 
opments of tomorrow will be based. 

The tremendous amount of develop 
ment and applied research required im- 
mediately by the national defense pre- 
sents a challenge to all America’s research 
facilities. In the colleges and universities 
these immediate demands should not dis- 
place the longer-range fundamental re- 
search which is traditionally our prin- 
cipal concern. Our task is to develop 
programs fulfilling, in as full measure 
as possible, both these needs. 

In accepting our research and devel- 
opment obligations, we in colleges and 
universities must not submerge our roles 
as educational institutions. We must 
undertake our new tasks and, at the same 
time, we must exert every effort to make 
our teaching and research more effective 
—in terms of graduates still better 
equipped to contribute to the national 
welfare, and in terms of fundamental 
engineering science on which the nation 
may base its future progress. 

GERALD A. ROSSELOT, 
Vice President of the ASEE 
in Charge of the ECRC 








Secretary's Report 
1950-51 


Despite the growing emphasis upon 
mobilization, the Society, during the past 
year, has endeavored to maintain a rea- 
sonable balance between the urgent prob- 
lems of mobilization and the long-range 
activities associated with the improve- 
ment of engineering education. An effort 
has been made to work closely with ad- 
ministrators of engineering colleges; and 
to keep them informed of latest develop- 
ments and to seek their counsel on na- 
tional affairs affecting engineering Edu- 
cation. 

The Administrative and Research Coun- 
cils of the Society have carried most of 
the responsibility of the problems arising 
out of the mobilization program. Reports 
on their activities are given elsewhere in 
this issue of the JouRNAL; hence the fol- 
lowing deals only with the general activi- 
ties of the Society. 


Engineering Manpower 


Probably the foremost problem of the 
ASEE during the past year has been that 
of alerting government officials and the 
public as to the serious consequences of 
the impending engineering manpower 
shortage. The fiction of a large over- 
supply of engineering graduates, result- 
ing from the GI avalanche of June, 1950, 
had gained widespread acceptance by 
government officials and the public. The 
total employment of the 1950 graduating 
class and the subsequent development of 
serious shortages of engineers, coupled 
with the abnormally low engineering stu- 
dent registrations, made it imperative 
that the ASEE take aggressive action. 

In November, 1950, the Administrative 
Council of the ASEE held a meeting in 
Washington, D. C. dealing with the sub- 


ject of the critical shortage of engineering 
manpower. Leading government officials 
were invited and a number of these ap- 
peared on the program. Also at the time 
of this meeting, the Coordinating Com- 
mittee of Relations with the Federal Gov- 
ernment arranged a meeting between 
members of their committee, the officers 
of the Society, and government officials 
in the Department of Labor, Department 
of Defense, Federal Security Agency and 
Department of Commerce. At this meet- 
ing, the problems associated with man- 
power shortages, the draft, and emergency 
educational programs were discussed. 
Following the meeting, the Department 
of Labor issued a public release which re- 
versed their previous predictions and em- 
phasized a growing shortage of engineer- 
ing manpower. 

In November, 1950, an article and edi- 
torial dealing with the critical shortage of 
engineering manpower appeared in the 
New York Times, based upon statistics 
supplied by Dean Hollister. The ASEE 
supplied over 160,000 reprint copies of 
this article and editorial to engineering 
colleges throughout the country for re- 
distribution to high schools. 

Subsequently, an Engineering Man- 
power Commission was formed by the 
Engineers’ Joint Council to prepare a re- 
port on the military and industrial needs 
for engineering manpower and to correlate 
this with the supply of graduates from 
engineering colleges. It was also the 
function of the Manpower Commission to 
prepare specific recommendations for al- 
leviating the shortage. The recommenda- 
tions of this Commission and the testi- 
mony presented before congress have had 
a profound influence upon the thinking 
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of government officials and congressional 
people on the whole problem of engineer- 
ing manpower. The Engineering Man- 
power Commission has prepared a pro- 
gram of recommendations, has issued 
numerous public releases, has presented 
tstimony before congressional committees, 
and has embarked upon an extensive pro- 
gram to inform high school students and 
counselors of the potentialities in the 
engineering fields. 

While the accomplishments of the 
ASEE and the Manpower Commission 
have resulted from the efforts of many 
persons, special credit must be accorded 
Dean Hollister for having crystalized the 
thinking on this problem and having 
taken the leadership in bringing the at- 
tention of the engineering societies to 
foeus on the problem. 


Improvement of Teaching 


The Committee on Improvement of 
Teaching, under the chairmanship of Dr. 
Grinter, has made significant progress. 
The work of the Committee has been di- 
vided into three sub-committees under 
the chairmanship of Dean H. P. Ham- 
mond, Dr. J. F. Calvert and Dr. A. P. 
Colburn. At the request of Dr. Grinter, 
a number of engineering colleges have ap- 
pointed special committees to study meth- 
ods of effecting the improvement of engi- 
neering education and also to supply 
information to the Society’s committee. 
An interesting and illuminating report 
will be forthcoming from this committee 
in the near future. 


ASEE Commission on Engineering Edu- 
cation to Japan 


At the request of the supreme com- 
mander for Allied Powers, the ASEE, in 
cooperation with the Unitarian Service 
Committee, has organized a commission 
of fifteen engineering edueators to visit 
Japan. The commission will consult with 
the Ministry of Education of the Japan- 
ese government and officials and educators 
of Japanese universities. Harold L. 


IOoQ 


Hazen, Head of the Department of 
Electrical Engineering at the Massachu 
setts Institute of Technology, will serve 
as chairman. The Unitarian Service Com- 
mittee was appointed by SCAP to handle 
all U. S. Government administrative re- 
lations. The commission was organized 
by H. P. Hammond, Dean of Engineering, 
Pennsylvania State College. The com- 
mission members include: C. W. Beese, 
A. B. Bronwell, W. R. Chedsey, A. G. 
Christie, A. B. G. Dietz, B. F. Dodge, H. 
L. Dodge, R. B. Finch, H. L. Hazen, A. 
L. Miller, J. A. Sauer, E. W. Steel, H. B. 
Walker, F. L. Wilkinson and R. S. 
Williams. 


Educational 


The ASEE Committee on Selection and 
Guidance, under the chairmanship of Pro- 
fessor Russell Beatty, has worked closely 
with the Educational Testing Service on 
the construction and publication of new 
Pre-Engineering Inventory tests. They 
have proven to be reasonably predictive 
of scholastic suecess in engineering. The 
Selection and Guidance Committee has 
contacted the individual examining officers 
in each of the accredited engineering col- 
leges of the country, as well as the engi- 
neering deans, in order to familiarize 
them with the tests available and to en- 
courage their adoption. 


Testing Service 


Teaching Aids Committee 


The Committee on Teaching Aids of the 
ASEE, with Professor Carl Muhlenbruch 
as chairman, has successfully completed 
a fund-raising campaign to finance the 
program of evaluation of teaching aids. 
The work of the Committee, during the 
next year, will enter the second phase, 
that of the evaluation of teaching aids 
available for engineering instruction and 
the publication of a bulletin listing recom- 
mended teaching aids. 
mittees have been appointed in five cur- 
ricular areas. An exhibit of teaching 
aids is being planned for the Annual 
Meeting at Michigan State College. 


Reviewing com- 
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Unity of the Profession 


The committee on Unity of the Profes- 
sion, organized by the Engineers’ Joint 
Council, has submitted its report. The re- 
port presents four alternate proposals for 
an organization to unify the engineering 
profession. These proposals have been 
submitted to the participating engineer- 
ing societies for expressions of opinion 
of the society officers and members. 
After the opinions have been received, 
the Committee will resume its meetings 
in an effort to draw up a plan of organ- 
ization which shows the greatest promise 
of successful adoption. The ASEE rep- 
resentative, Dean Thorndike Saville, has 
actively participated in the Committee 
deliberations and has served on the plan- 
ning committee which drew up the pro- 
posals. 


Mid-Year Meetings 


The ECAC and ECRC held meetings 
in November in Washington, D. C. The 
Administrative Council’s program dealt 
with the engineering manpower shortage 
and included on its panel of speakers 
officials in various government agencies. 
The ECRC meeting was devoted to a dis- 
cussion of research facilities and poten- 
tial, with emphasis upon the problems 
associated with defense research projects. 
These meetings were attended by ap- 
proximately 300 administrators and fac- 
ulty members of engineering colleges. 

The Division of Relationships with In- 
dustry held a highly successful mid-year 
meeting in Cleveland, Ohio on January 
20, 1951. The theme dealt with indus- 
try’s requirements for engineering man- 
power, the draft, and the mobilization 
program. This meeting was attended by 
200 representatives from industry and 
colleges. 

The Drawing Division held its annual 
mid-year meeting on January 18-20 at 
Texas A. & M. College. Approximately 
90 persons attended. 

The cooperative Education Division 


held a meeting of representatives of four- 
teen schools offering cooperative engi- 
neering programs at the University of 
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Florida on June 9-10,1951. The meeting 
dealt largely with the type of training 
programs which industry should provide 


for cooperative engineering students. 
Proposals and problems of coopera- 
tive relations in civil service were also 


diseussed. 


Committee on International Relations 


The Committee on International Rela- 
tions, under the Administrative Council, 
has planned a meeting of international 
edueators in conjunction with the An- 
nual Meeting of the ASEEK. Invitations 
were sent by Dean Woolrich, chairman 
of the Committee, to engineering educa 
tors in countries of the world outside of 
the Iron Curtain. It is becoming increas- 
ingly apparent that the ASEE can serve 
as a constructive influence in helping the 
nations of the world to get a deeper un- 
derstanding of what constitutes engineer- 
ing education and thereby improve their 
own educational systems. The Society 
can also serve as an international forum 
for engineering educators, thereby aid- 
ing in the dissemination of knowledge 
and fostering goodwill among engineer- 
ing educators in many lands. 


Renewal of George Westinghouse Award 


The Westinghouse Educational Foun- 
dation has renewed its agreement with 
the ASEE providing for the granting of 
an annual George Westinghouse Award 
for another period of five years. This 
award consists of $1,000 and a certificate, 
presented to a recipient selected by the 
George Westinghouse Award Committee 
of the ASEE. The Committee has set an 
age limit of 45 for this award in order to 
serve as an encouragement for younger 
teachers. 


Summer Schools 


Three summer schools have been for- 
mally approved for ASEE sponsorship 
by the Executive Board. These are spon- 
sored by the Humanistic-Social Division, 
the Engineering Drawing Division, and 
the Mechanical Engineering Division 
(Thermodynamics). 
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Cooperation with Other Organizations 


The ASEE continued its active cooper- 
ation with other educational and engi- 
neering societies. A contribution was 
made to the Engineers’ Council for Pro- 
fessional Development to assist it in insti- 
tuting a program of professional training 
for young graduate engineers in indus- 
try. This program has been supported 
by a number of other engineering so- 
cieties and will probably be launched in 
1951-52. Its purpose is to encourage 
industry and universities to set up edu- 
cational programs for young engineers 
in order to enable them to continue their 
professional growth in the years imme- 
diately after graduation. 

Representatives of the ASEE have 
also taken an active part in the affairs 
of the Engineers’ Joint Council, the 
American Council on Education, the 
American Standards Association, and 
other organizations. 


Atomic Energy Conferences 


A highly successful enterprise during 
the past year has been the conferences 
of the regional Atomic Energy Commit- 
tees, organized under the chairmanship 
of Dr. Armsby. These committees have 
established an effective working liaison 
between the colleges and the atomic 
energy laboratories, providing for a flow 
of technical information on atomic energy 
to the college faculties. A series of 
papers on atomic energy, arising out of 
the conferences, has been published in 
the Journal and others are to follow. 


Society Finances 


Inflationary times are always difficult 
times for engineering societies and the 
ASEE is no exception. During the past 
four years, prices have almost doubled, 
but the ASEE has continued to operate 
with a balanced budget, despite the fact 


that its dues are approximately one third 
of those of other engineering societies. 
This has been made possible only by con- 
ducting a vigorous membership cam- 
paign, thereby increasing the Society in- 
come, and by keeping overhead costs to 
a minimum. Over 3500 new members 
have been added to the membership rolls 
in the past four years. It appears quite 
probable that the Society is approaching 
a saturation point in its membership and 
that there may even be some decline. 
This appears evident from the fact that 
the rapidly declining college enrollments 
will inevitably be coupled with a decline 
in the number of college teachers. It 
also appears doubtful at the present time 
that the general price level will remain 
stationary. The Society has been noti- 
fied of an eight per cent increase in the 
eosi of printing of the JouRNAL, an item 
which consumes over one-half of the total 
Society income, and other Society ex- 
penses are increasing proportionately. 
It therefore appears that more stringent 
circumstances lie ahead. The Executive 
Board is keenly aware of the financial 
problem and is making a serious effort 
to maintain a balance between income 
and expense. 


Officers Activities 


A final word of commendation is in 
order for the energetic and constructive 
activities of your officers and particu- 
larly your President. During the past 
year, President Dawson personally vis- 
ited numerous Sections and Division 
meetings and attended most of the inter- 
society engineering meetings. He has 
exerted a constructive and beneficial in- 
fluence wherever problems arose which 
impinged upon engineering education. 


Respectfully submitted, 


ARTHUR BRONWELL 
Secretary 











TIMELY TIPS 


TIMELY TIPS is a new section in the Journal devoted to unique ways of teach- 


ing difficult concepts so that they can be easily grasped by students. 


Contribu- 


tions to this section should constitute an improvement over current textbook 


presentations. 
lustrations). 


tributions to the 
Evanston, Illinois. 


B. Bronwell, 


They should not exceed two Journal pages in length (including il- 
If you have novel, short-cut methods of making difficult concepts 
seem simple, your colleagues will be glad to see them in the Journal. 
Editor, Professor A. 


Send con- 


Northwestern University, 


Four Methods or One in Teaching Deflections? 


By M. W. JACKSON 


Assistant Professor of Civil Engineering, 
University of Colorado 


The principles of Virtual Work, 
Dummy Load, Conjugate Beam, and 
Area Moments for the calculation of 
deflections are too often considered in 
teaching as if they were entirely differ- 
ent. The names are more confusing than 
are the methods. If the interrelation- 
ships between them were better under- 
stood, it would perhaps simplify the 
study of deflections and rotations in 
courses in Strength of Materials and 
Indeterminate Structures. The following 
is a simple demonstration for comparing 
all four methods. 


The beam shown in Fig. 1(a) is con- 
sidered perfectly rigid except for the 
portion dz. It is desired to find the 
deflection of point C caused by the 
elastic deformation of the differential 
portion of the beam, dr. The usual 
assumptions in the solution of engineer- 
ing structures are applied, that deflec- 
tions are small, that the difference be- 
tween the angle of rotation, the sine, and 
the tangent of the angle is negligible, 
and that the assumptions of the flexure 
formula apply. 

There is an internal or resisting mo- 
ment, M, at the section dr due to the 


II2 


applied loads, P;, Ps, and P3, which is 
equal to the applied moment. It has 
been shown prior to the study of this 
topic in the usual course in elementary 
strength of materials that moa = 
El 

The angle, 8, as shown in Fig. 2, is the 
angle of rotation of adjacent faces of a 
differential element, dz, of a beam over 
which M is assumed constant. The as- 
sumed beam (rigid except for the elastic 
section dx) will deflect due to rotation of 
the faces of the element into the position 





AEB as shown in Fig. 1(b). Then, 
AD 
a =tana=0 Pt 


A. = aCB —0CD = 0 cB ~ OCD. 


Simplifying, 
a 
4.6 (4° CB-CD) . (1) 


The relation in equation (1) is purely 
geometric and will be the same no matter 
how the angular deformation @ is pro- 
duced. Study of the quantity in the 
parenthesis in equation (1) is the point 
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FOUR METHODS OR ONE IN 


of departure for obtaining the equations 
for the different methods of calculating 
deflections. 

If a 1 pound load is applied at C as 
shown in Fig. l(c), the reaction at A is 
i” and the moment at D due to this 1 
i OO. De 
L 
other words, m is the bending moment at 
D due to a 1 pound load applied to the 
beam at C. Substituting m in equation 
(1), Ace = @m. The value of m is an 
arbitrary value independent of the actual 
deformation of the beam or the actual 
loading of the beam. 

The actual loads on the beam, Pi, 
P., and P3, produce a bending moment, 
M, at section D, with a corresponding 
angle change @ between the parallel 
M dx 
El 
Therefore the deflection at C due to the 
actual loads on the beam (considering 


pound load is m = 


faces of the element equal to 


ny 
f=) 

‘Jd 
J 

2) 
rs) 




















(da) 
Fig. 1. 
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M \ —‘M 
wa L 
ax 
Fig. 2. 
;' ae M dx 
only the dz portion elastic) is A E ; m 


If the beam is now considered elastic 
throughout, its entire length, the effect 
of the bending moment on each differen- 
tial element will produce an angular 
deformation of that element and a corre- 
sponding deflection at C. Summing the 
deflections produced by each element, 


M mdx 


recognized as the basis for virtual work, 
the dummy unit load method, Maxwell- 
Mohr method, elastic energy, and others 
likewise of different names but utilizing 
the same final equation. 

Equation (1) has another interpreta- 
tion. As shown in Fig. 1(d), a load equal 
M dz 
El 
This load, or area, produces a rotation @ 
of the adjacent faces of the element, dx 


This equation will be 


to is applied to the beam at D. 


Mde 

since 6 = . The reaction at B of 
AD 

the beam thus loaded is, 4 i The 


bending moment about C’ (considering 
the right hand portion of the beam) is 
AD 
tb 
in equation (1 


4 CB — 6 CD, which is equal to A. 


Therefore the deflee- 


j M dx 
tion at C due to applied as a load 


Vd: 
El 
to the beam at D is equal to the bending 
moment at C due to that load on the 
beam. If then the entire beam is con- 
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sidered elastic and the pa diagram for 
the actual loading is applied to the en- 
tire beam as a load, the deflection at C 
is the bending moment at C produced by 
this load. This will be recognized as a 
conjugate beam proposition and as the 
method of elastic weights. 

Fig. 1(b) may also be used to demon- 





strate an area-moment relationship. 
From the geometry of the figure, 
eee M dz 
6, =@0CD. Since? = EI’ due to the 
M _-— 
loads on the beam, 6, = ae CD. Con- 


sequently it may be said that the deflec- 
tion of C from a tangent through D is 
equal to the moment about C of the area 

1 dx 


\ 
7, It may be seen that 


applied at D. 
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angle changes between A and C, and 
between D and B, do not affect 6.. 
Considering the effect of all of the angle 
changes between C and D, the angle 6 
for each differential element is produced 
by the moment on that element due to 
the applied loads. Therefore, it may 
be said that the deflection of C from a 
tangent through D is equal to the mo- 


i) 
ment about C of the area of the ai dia- 


gram between C and D. This is one of 
the area-moment principles. 

Some steps desirable for a rigorous 
proof of any of the above propositions 
have been omitted here to save space, 
but the main parts have been outlined. 
Similar procedures may be used to es- 
tablish the relationships for rotations for 
any of the above systems. 


Big Numbers and Little Numbers 


By R. E. NEWTON! AND H. R. GRUMMANN? 


30,000,000 is a big number and 
0.0000065 is a little one, yet both are 
typical magnitudes of concern to the 
engineering student and _ practicing 
engineer alike. Faced with the stark 
necessity of dealing with such numbers 
within the confines of finite sheets of 
paper and still not loosing track of the 
decimal point, engineers have adopted 
a number of strategems. Electrical 
engineering is replete with examples of 
one of these—thus we have the megohm, 
the kilowatt, the millivolt, the maicro- 
ampere, etc. Another device, found 
frequently in tables and graphs, is the 
heading: (X 10-*). (For the tyro a 
factor of 10 is at stake here!) This 
latter device has real merit when the 
user takes the trouble to be explicit. 
Employing it thus, we may write our 


1 Professor of Mechanical 





Engineering, 


U. S. Naval Postgraduate School, Annapolis, 
Maryland. 

2 Associate Professor of Aeronautical En- 
gineering, Parks College of St. Louis Univer- 
sity, East St. Louis, Ill. 


“big number” as 3.0 < 10’ and our 
‘Vittle number” as 6.5 X 10~*. This has 
obvious advantages on two counts: the 
necessity for counting zeros is gone, 
and the number of significant figures is 
unambiguous. 

It is our purpose here to indicate a 
highly useful abridgement of this nota- 
tion which also makes it compact. One 
simply writes 


3.0\ 
6.5\-6 


3.0 X 10’, 
6.5 X 107°. 


Mt 


The inventor of this notation seems to 
be Dr. L. B. Tuckerman,’ who taught it 
to one of the authors (H. R. G.) at the 
University of Nebraska over 35 years 
ago. Both of the authors have presented 
it to many classes in engineering math- 
ematics and mechanics over a period of 
years. Frequently this has been done 
merely by using it while working out 


3 Until his recent retirement Dr. Tuckerman 
was associated for many years with the 
National Bureau of Standards. 
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illustrative examples at the blackboard 
(the notation has, of course, always been 
explained briefly at the time of initial 
use). We have found that students 
quickly comprehend this abbreviation 
and many adopt it for their own work. 
It has particular advantages in many 
slide rule operations. We consider a 
single example which is amply endowed 
with opportunities for decimal point 
error. In finding the tip deflection of 
a steel cantilever beam (I = 82.5 in.*‘) 
of 30 foot span under a tip load of 1250 
lb., one is led to the computation 
27,3 OA\3 2 E\2\3 
= — os (1.25. )(3.6)° = 0.785" 
BEI (3)(3S7)(8.25\) 
7.85 in. 


College 


Massachusetts Institute of Technology 
and Harvard University today an- 
nounced plans for a joint five-year pro- 
gram aimed at increasing the number of 
broadly trained science and mathematies 
teachers available to secondary schools. 
Under the new Harvard-M.I.T. curricu- 
lum, beginning next September, young 
men and women will be trained for sci- 
ence and mathematies teaching in high 
schools and junior colleges. Their course 
will lead to the degrees of Bachelor of 
Science in General Science at M.I.T. and 
Master of Arts in Teaching at nearby 
Harvard University. The undergraduate 
phase of the project is largely at M.LT., 
although some Harvard courses may be 
taken as early as the third year. There- 
after, students will take courses at both 
institutions and draw on the educational 
resources of both. During the fifth year, 
students will teach part-time at local high 
schools, under the direction of the Faculty 
of the Harvard School of Education. 


Seventy faculty members, largely from 
the Southern universities, are spending 
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The location of the decimal point in the 
first form of the result is easily fixed by 
a rough mental calculation. The deter- 
mination of the exponent of 10 is, of 
course, a simple application of the laws 
of exponents. The use of the convention 
is certainly no guarantee against decimal 
point errors in such computations, but 
experience shows that they are greatly 
reduced thereby. 

Clearly the number of examples of 
the usefulness of the method could be 
multiplied ad nauseam, but no purpose 
would be served by this. The advan- 
tages, we believe, are apparent. We 
strongly urge its presentation to technical 
students, early in their academic careers. 


Notes 


this summer on research projects in the 
Oak Ridge facilities of the Atomic 
Energy Commission. They are in Oak 
Ridge under the auspices of the Research 
Participation Program, a joint activity of 
the Oak Ridge Institute of Nuclear Studies 
and the Oak Ridge National Laboratory. 
The great majority will work in the exten- 
sive research facilities of the Oak Ridge 
National Laboratory, but others will be on 
duty with the Institute Medical Division 
and the University ot Tennessee-AEC 
Agricultural Researeh Program. In ad- 
dition to the 70 individuals who will be 
in Oak Ridge for the entire summer or 
longer, 96 participants will attend the 
three one-month courses in radioisotope 
techniques offered by the Special Train 
ing Division of the Institute this sum 
mer. An additional twenty will attend 
the Division’s course in autoradiography, 
and several hundred are expected for the 
annual Oak Ridge Summer Symposium, 
devoted this year to “The Role of Engi- 
neering in Nuclear Energy Develop 
ment.” It will be held from August 27 to 
September 7. 











New Members 


ACTON, FRANK, J., Associate Professor of 
Mechanical Engineering, Tri-State Col- 
lege, Angola, Ind. J. G. Radcliffe, J. C. 
Humphries. 

AHLBERG, CLARK D., Assistant Dean, Admin- 
istrative Engineering, Syracuse Univer- 
sity, Syracuse, N. Y. B. H. Norem, R. A. 


Galbraith. 
AKESSON, NORMAN B., Lecturer, Agricul- 
tural Engineering, University of Cali- 


fornia, Davis, Calif. S. M. Henderson, 
L. Bamir. 

ARTHUR, GEORGE R., Instructor in Electri- 
cal Engineering, Yale University, New 
Haven, Conn. A. G. Conrad, J. G. Clarke. 

ATKINS, Jack W., Instructor in Engineer- 
ing, Weber College, Ogden, Utah. M. L. 
Stevenson, J. E. Christiansen. 

BAEUMLER, HowArpD WILLIAM, Instructor in 
Mathematics, University of Buffalo, Buf- 
falo, N. Y. H. M. Gehman, R. E. 
Shaffer. 

BARTHOLOMAE!, NATHANIEL T., Instructor 
in Mechanical Engineering, Clarkson Col- 
lege of Technology, Potsdam, N. Y. 
E. McHugh, M. G. Mochel. 

BENNETT, CARSON W.,, ~ Librarian, Rose 
Polytechnic Institute, Terre Haute, Indi- 
ana. C. E. Kircher, Jr., R. K. Strong. 

BLANCHARD, FLETCHER, A., JR., Instructor 
in Electrical Engineering, University of 
New Hampshire, Durham, N. H. E. H. 
Stolworthy, O. T. Zimmerman. 

BLICKLE, MARGARET D., Instructor in Eng- 
lish, Ohio State University, Columbus, 
Ohio. G. H. Leggett, R. S. Paffenbarger. 

BLUMENTHAL, IRWIN S., Instructor in Elee- 
trical Engineering, Yale University, New 
Haven, Conn. J. G. Clarke, A. G. Conrad. 

BouGuHToN, RoLanp W., Chief, AF Academy 
Curriculum Planning Group, United States 
Air Force Academy (proposed), Bolling 
Air Force Base, Washington 25, D. C. 
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sity, New Haven, Conn. C. A. Walker, 
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Flint, Mich. H. M. Dent, C. L. Fanning. 

BurRKE, DaLe H., Tool Engineer, Produc- 
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Co., Toledo, Ohio. W. F. Rohr, W. G. 
Rohr. 

BYERS, EARLE C., Instructor in Shop Prae- 
tice, Kansas State College, Manhattan, 
Kans. G. C. Timmons, G. A. Sellers. 

CEBULA, RICHARD §S., Instructor in Civil 
Engineering, St. Martin’s College, Olym- 
pia, Wash. F. Kerekes, S. H. Fuller. 

CHEDSEY, WM. R., Professor of Mining 
Engineering, University of Lllinois, Ur- 
bana, Ill. H. L. Walker, F. M. Dawson. 

CHERRY, LLoyp B., Professor and Head, 
Electrical Engineering Department, La- 
mar State College of Technology, Beau- 
mont, Texas. E. R. Stapley, A. Naeter. 

CLARK, MARLYN E., Instructor in Mechanies, 
University of Illinois, Urbana, Il. F. B. 
Seely, J. O. Smith. 

CLARK, WILLIAM E., Instructor in Mechani- 
cal Engineering, University of New 
Hampshire, Durham, N. H. E. H. Stol- 
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CowLEs, HaAroup A., Instructor in General 
Engineering, Iowa State College, Ames, 
Iowa. S. J. Chamberlin, M. B. Richardson. 
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Merrimack College, Andover, Mass. S. 
Morehouse, J. J. Gallen. 


CURRAN, BROTHER HENxy, Instructor in 
Engineering, St. Edward’s University, 
Austin, Texas. B. E. Short, B. F. Treat. 


DABNEY, WALTER Ji., Associate Professor 
of Civil Enginee:ing, Tennessee A. & I. 
State College, Nashville, Tenn. D. E. 
Howard, E. R. Welch. 
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DANIELS, TED E., Project Engineer, Wind 
Division, Stewart-Warner Corporation, 
Indianapolis, Ind. W. W. Turner, C. P. 
Buck. 

DavipD, Morton M., Jr., Assistant Professor 
of Chemical Engineering, University of 
Utah, Salt Lake City, Utah. E. B. 
Christiansen, P. J. Waibler. 

De NEUFVILLE, ALBERT, Instructor in Me 
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eal Engineering, University of New 
Hampshire, Durham, N. H. E. H. Stol- 
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trical Dept., State University of New 
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Norem. 
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Chemistry, Lehigh University, Bethlehem, 
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Halli, C. B. Clarke. 
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Lexington, Ky. F. J. Cheek, Jr., D. K. 
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GREER, RoBeRT W., Instructor in Electrica! 
Engineering, Milwaukee School of Engi 
neering, Milwaukee, Wis. R. J. Ungrodt, 
F. J. Van Zeeland. 

GREIBER, CLARENCE L., State Director of 
Vocational and Adult Education, State 
Board of Voe. and Adult Edueation, 
Madison, Wis. FE. C. Koerper, F. T. 
Agthe. 

GUILD, LAWRENCE R., Professor and Head, 
Depts. of Management and _ Industrial 
Engineering, University of Southern Cali 
fornia, Los Angeles, California. R. E. 
Vivian, L. R. Schruben. 

HAAs, WILBUR M., Instructor in Civil Engi 
neering, University of Wisconsin, Madi- 
son, Wis. E. C. Wagner, H. A. Kallsen 

HAASE, HARoLp F., 
Mechanical Engineering, Marquette Uni 
versity, Milwaukee, Wis. W. D. Bliss, 
J. E. Matar. 

HALL, KeItH W., Assistant Professor of 
Mechanical Engineering, University of 
Michigan, Ann Arbor, Mich. E. P. Vin 
cent, F. Schwartz. 

HoILMAN, CHARLES W., Associate Professor 
of Electrical Engineering, University of 
Vermont, Burlington, Vt. R. P. Mosher, 
E. R. McKee. 

HOLDREDGE, EpWINn S., Associate Professor 
of Mechanical Engineering, A. & M. Col 
lege of Texas, College Station, Texas 
W. I. Truettner, R. M. Wingren. 

Hosmer, W. T., Assistant Professor of Civil 
Engineering, Iowa State College, Ames, 
Iowa. R. Winfrey, L. O. Stewart. 

HoweE.LL, AVANELLE M., Engineering Li 
brarian, Alabama Polytechnic Institute, 
Auburn, Ala. J. E. Hannum, C. R. Hixon. 

HuFFMAN, JOHN R., Assistant Professor of 
Industrial Engineering, University of 
Southern California, Los Angeles, Calif. 
R. E. Vivian, L. A. Schruben. 
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Huussos, C. L., Assistant Professor of Civil 
Engineering, Iowa State College, Ames, 
Iowa. R. Winfrey, L. O. Stewart. 

IpaTA, RALPH M., Assistant Professor of 
Electrical Engineering, University of 
Nebraska, Lincoln, Neb. E. J. Ballard, 
O. E. Edison. 

INVEISS, JANIS H., Assistant Professor of 
Mechanics, Milwaukee School of Engi- 
neering, Milwaukee, Wis. E. Petty, 8. A. 
Eng. 

JopREY, Rosert N., Instructor in Mechani- 
eal Engineering, University of New 
Hampshire, N. H. E. T. Donovan, E. H. 
Stolworthy. 

Jones, THoMAS R., Chief Librarian, Engi- 
gineering School, Fort Belvoir, Va. R. B. 
Allen, P. A. Wedding. 

Kane, Eneas D., Associate Professor of 


Engineering, University of California, 
Berkeley, Calif. A. S. Levans, M. P. 
O’Bri4n. 


KAPLAN, BERNARD, Instructor in Civil Engi- 
neering, City College of New York, New 
York, N. Y. W. Allan, W. L. Willig. 

KARAKASH, JOHN J., Assistant Professor 
of Electrical Engineering, Lehigh Uni- 
versity, Bethlehem, Pa. J. L. Beaver, 
P. F. Miller. 

Keck, WENDELL M., Associate Professor 
of English, Utah State Agricultural Col- 
lege, Logan Utah. K. Hendricks, J. E. 
Christiansen. 

KeEMPKA, GILBERT E., Instructor in Metal- 
lurgical Engineering, University of Wis- 
consin, Madison, Wis. G. J. Barker, R. A. 
Ragatz. 

KENT, GreorGE J., Senior Engineer, Western 
Electric Co., New York, N. Y. C. C. 
Whipple, J. W. Hostetter. 

KEOSAIAN, EpwarD, Assistant Professor of 
Civil Engineering, City College of New 
York, New York, N. Y. P. Hartman, 
J. Pistrang. 

KEpNER, RoBert A., Assistant Professor of 
Agricultural Engineering, University of 
California, Davis, Calif. S. M. Hender- 
son, R. Bainer. 

Kirk, Ropert S., Assistant Professor of 
Chemical Engineering, University of Wis- 


consin, Madison, Wis. R. A. Ragatz, 
R. J. Altpeter. 
Krause, Henry, Chairman, Engineering 


Drawing Dept., Bowling Green Univer- 
sity, Bowling Green, Ohio. R. S. Paf- 
fenbarger, C. L. Brattin. 

Kusko, ALEXANDER, Assistant Professor of 
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Electrical Engineering, Massachusetts In- 
stitute of Technology, Cambridge, Mass. 
K. L. Wildes, C. E. Tucker. 

LENEL, Fritz V., Associate 
Metallurgical Engineering, 
Polytechnic Institute, Troy, N. Y. 
Hess, H. A. Wilson. 

LePacE, WILBUR R., Professor of Electrical 
Engineering, Syracuse University, Syra- 
cuse, N. Y. S. Seely, R. P. Lett. 

LINKE, SIMPSON, Assistant Professor of 
Electrical Engineering, Cornell Univer- 
sity, Ithaca, N. Y. W. H. Erickson, 
C. R. Burrows. 

LIVERMORE, DONALD F., Assistant Professor 
of Mechanical Engineering, University 
of Wisconsin, Madison, Wis. R. W. 
Leutwiler, Jr., R. A. Ragatz. 

Lor, JOHN L. C., Instructor in Electrical 
Engineering, Massachusetts Institute of 
Technology, Cambridge, Mass. C. E. 
Tucker, H. L. Hazen. 

LuBSEN, R. J., Assistant Professor of Civil 
Engineering, Iowa State College, Ames, 
Iowa. R. Winfrey, L. O. Stewart. 

MAcCPHERSON, KEITH B., Instructor in Civil 
Engineering, University of New Hamp- 
shire, Durham, N. H. E. H. Stolworthy, 
O. T. Zimmerman. 

MARSCHALK, Henry E., Head, Publications 
Branch, Bureau of Ordnance, Navy Dept., 
Washington, D. C. F. M. Dawson, A. B. 
Bronwell. 

MARTIN, JEAN-MARIE, Head, Dept. of Pub- 
lic Relations, Laval University, Montreal, 
Que., Canada. F. M. Dawson, A. B. 
Bronwell. 

MCNEILL, WiLL1AM C., JR., Associate Pro- 
fessor of Civil Engineering, Tennessee 
A. & I. State College, Nashville, Tenn. 
C. E. Bardsley, F. W. Steele. 

McQuistTon, CLypE E., Instructor in In- 
dustrial Engineering, Ohio State Uni- 
versity, Columbus, Ohio. H. D. Moore, 
F. M. Mallett. 

MebDE, Dovetas E., Associate Professor of 
Electrical Engineering, Lehigh University, 


Professor of 
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W. F. 


Bethlehem, Pa. L. V. Bewley, P. F. 
Miller. 

MEIER, PavuL T., District Representative, 
Adm. Dept., Purdue University, Ham- 
mond, Ind. H. A. Williamson, M. E. 
Gyte. 


MICHALUK, WILLIAM, Instructor in Metal 


Processing, Detroit Institute of Tech- 
nology, Detroit, Mich. L. L. Henry, 8. 
Szezerbacki. 
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Mites, Hueu S., Jr., Associate Professor 
of Mechanical Engineering, Virginia 
Polytechnic Institute, Blacksburg, Va., 
J. B. Jones, W. C. Lyford. 

MiLLs, JacK P., Assistant Professor of 
General Engineering, Iowa State College, 
Ames, Iowa. S. J. Chamberlin, M. B. 
Richardson. 

MorIaRTY, JOHN H., Director of Libraries, 
Purdue University, Lafayette, Ind. G. A. 
Hawkins, F. H. Wilson. 

NICHOLS, NATHANIEL B., Professor of Elec- 
trical Engineering, University of Minne- 
sota, Minneapolis, Minn. H. E. Hartig, 
M. Lin. 

PaRKE, Davin M., Instructor in Civil Engi- 
neering, Montana State College, Bozeman, 
Mont. J. C. Osborn, E. R. Dodge. 

PARSHALL, MAXWELL, Assistant Professor 
of Civil Engineering, Colorado A. & M. 
College, Ft. Collins, Colo. H. W. Collins, 
T. H. Evans. 

PeRRY, JOHN M., Assistant Professor of 
Mathematics, Clarkson College of Tech- 
nology, Potsdam, N. Y. L. L. Merrill, 
D. G. Stillman. 

PouLioT, ADRIAN, Dean of the Faculty of 
Science, University Laval, Montreal, Que., 
Canada. A. B. Bronwell, F. M. Dawson. 

PREGEL, Boris, Professor of Physics and 
Vice President, French University in 
New York, New York, N. Y. Oleg 
Yadoff, N. V. Feodoroff. 

PROFITT, RUSSELL P., Manager of College 
Relations, Timken Roller Bearing Co., 
Huntington, W. Va. S. H. Pierce, D. S. 
Ryan. 

Purtz, Cart F., Jr., Instructor in Civil 
Engineering, Ohio State University, Co- 
lumbus, Ohio. F. M. Mallet, K. W. 
Cosens. 

Pysz, Francis C., Instructor in Civil Engi 
neering, University of Connecticut, Storrs, 
Conn. K. C. Tippy, E. V. Gant. 

RHODES, CHARLES F., Assistant Professor 
of Engineering, Purdue University Ex- 
tension, Hammond, Ind. M. E. Gyte, 
H. A. Williamson. 

Ricu, L. Euuior, Instructor in Engineer 
ing, University of Utah, Salt Lake City, 
Utah. M. L. Stevenson, J. E. Chris 
tiansen. 

Rogers, Max F., Assistant Professor of 
Sanitary Engineering, Michigan State 
College, East Lansing, Mich. C. C. De- 
Witt, G. M. Pratt. 
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RoGNess, MILTon L., Instructor in Engi 
neering Drawing, Iowa State College, 
Ames, Iowa. A. S. Gaskell, S. J. Cham 
berlin. 

Rowr, ALAN J., Instructor in Industrial 
Engineering, University of Southern Cali- 
fornia, Los Angeles, Calif. R. E. Vivian, 
L. R. Sechruben. 

Russ, Ricuarp B., Assistant Professor of 
Electrical Engineering, Union College, 
Schenectady, New York. C. H. Buchanan, 
C. F. Goodheart. 

RUSSELL, Paut E., Instructor in Electrical 
Engineering, University of Wisconsin, 
Madison 6, Wis. J. R. Price, R. A. 
Ragatz. 

RYAN, NORMAN W., Associate Professor of 
Chemical Engineering, University of Utah, 
Salt Lake City, Utah. E. B. Christiansen, 
A. L. Taylor. 

SANDERS, CHARLES G., Assistant Professor 
of Engineering Drawing, iowa State Col- 
lege, Ames, Iowa. A. S. Gaskell, S. J. 
Chamberlin. 

SAWYER, RAYMOND B., Associate Professor 
of Physies, Lehigh University, Bethlehem, 
Pa. F. E. Myers, P. F. Miller. 

SAWYER, WILLIAM R., Vice Commandant 
and Director of Studies, Royal Military 
College of Canada, Kingston, Ontario, 
Canada. F. M. Dawson, A. B. Bronwell. 

SCHNEIDER, ROBERT R., Instructor in Gen- 
eral Engineering, University of Southern 
California, Los Angeles, Calif. K. C. 
Reynolds, L. R. Sehruben. 

ScHULTZ, FLoyD VAN Nest, Professor of 
Electrical Engineering, University of 
Tennessee, Knoxville, Tenn. L. R. Shobe, 
Sherwood King. 

SCHUYLER, RoBert T. E., Area Manager, 
College Department, McGraw-Hill Book 
Co., Ine., 330 W. 42nd St., New York 
City. K. I. Zeigler, S. C. Dorman. 

SHANK, RicHarD R., Instructor in Electri 
cal Engineering, Yale University, New 
Haven, Conn. <A. G. Conrad, H. M. 
Turner. 

SHANKS, WILLIAM D., Senior Tech. Instrue 
tor, Product Service Dept., General 
Motors Institute, Flint, Mieh H. M. 
Dent, C. L. Tutt, Jr. 

SKITEK, GABRIEL G., Assistant Professor of 
Electrical Engineering, Missouri School 
of Mines and Metallurgy, Rolla, Mo. 
D. 8. Eppelsheimer, I. H. Lovett. 
SMITH, Preston W., Associate Professor 
of Physics, Clarkson College of Tech 
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nology, Potsdam, N. Y. W. H. 
F, F. Piper. 

Smitu, W. HoLMeEs, Instructor in Engineer- 
ing, El Camino College, El Camino, Calif. 
W. L. Orr, C. M. Duke. 

Snyper, RayMonpD H., Assistant Professor 
of Sanitary Engineering, Lehigh Univer- 
sity, Bethlehem, Pa. J. O. Liebig, Jr., 
P. F. Miller. 

STEEL, Ernest W., Professor of Sanitary 
Engineering, University of Texas, Aus- 
tin, Texas. P. M. Ferguson, J. N 
Thompson. 

STouGHTon, Bruce C., Assistant Professor 
of Industrial Engineering, University of 
Houston, Houston, Texas. J. T. Elrod, 
D. G. Williams. 

TETREAULT, Emit A., Industrial Coordinator, 
University of Detroit, Detroit, Mich. 
C. J. Freund, D. C. Hunt. 

THOMPSON, ALBERTO F., Chief, Technical 
Information Service, Atomic Energy 
Commission, Washington, D. C. H. H. 
Armsby, A. B. Bronwell. 

UYEHARA, OTTo A., Associate Professor of 
Mechanical Engineering, University of 
Wisconsin, Madison, Wisconsin. P. S. 
Myers, R. A. Ragatz. 
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WaAGERSON, RicHARD S., Industrial Coordi 
nator, University of Detroit, Detroit, 
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WALLACE, RAYMOND P., Chief Patent Engi 
neer, Radiation Laboratory, University of 
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A. 8, Levens. 

WARNER, DovuaLas F., Technical Recruiting 
Division, General Electric Company, 
Schenectady, N. Y. M. M. Boring, C. F. 
Terwilliger. 

Watson, Eart W., Head, Electrical Dept., 
Spring Garden Institute, Philadelphia, Pa. 
J. E. Pasek, H. W. Shaw. 

WEIDNER, CHARLES K., Chief Engineer, De 
sign and Construction Dept., Argonne 
Project, University of Chicago, Chicago, 
Till. W. R. Engstrom, A. B. Bronwell. 

WELLMAN, Epwarp J., Instructor in Me- 
chanical Engineering, Purdue University, 
Lafayette, Ind. H. L. Solberg, J. K. 
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eal Engineering, Clarkson College of 
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Engineering Planning 


By HAROLD 


Chief Engineer, American Telephone and Telegraph Cor 


Last year in speaking to this group on 
the general question of engineering edu 
cation and the requirements of industry, 
I remarked that the young engineer as he 
comes into industry generally has little 
conception of what is involved in earry- 
ing out the broad range of engineering 
studies which can be described as engi- 
neering planning. My assignment today 
is to enlarge on that remark and dis- 
cuss the possible relation of engineering 
planning to the curriculum of the engi- 
neering school. 


What is Engineering Planning? 


what 
term 
This seems par- 


It seems desirable first to outline 
is meant in this discussion by the 
“engineering planning.” 
ticularly necessary because the word 
“planning” is very widely used, and even 
abused, in relation to a great deal of 
human activity in all fields of work. 

Engineering plans are of many types. 
While no classification can be cleancut, I 
think it is helpful in our discussion to 
name and define a few distinetly dif- 
ferent types. 

First there is the type of plan which 
consists of detailed specifications of a 
specifie object or a type of object to be 
constructed. Examples of this are the 
specification for an electric generator or 
the plans and specifications of a building. 
Following Mr. Chester Barnard’s termi- 
nology I will call this the “explicit” 
plan. 


* Presented before a joint meeting of the 
Electrical Engineering and Industrial 


En- 
gineering Division at the ASEE Annnal 
Meeting, East Lansing, Michigan, June 26, 
1951. 
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Young graduates of engineering schools 
are generally familiar with this type of 
plan—it is closely related to their col- 
lege work and they have an appreciation 
of the need for it and the problems in- 
volved. 

The next classification we will eall the 
“project” plan. It relates to a complex 
of jobs which are involved in one project 
and to the inter-relations between these 
parts of the project. It often ineludes 
a number of explicit plans. 

An illustration of the plan 
which is common in the telephone field is 
the replacement of a manual central of- 
fice with a dial central office. This often 
involves the selection and purchase of a 
site, the design and construction of 
building designed to 
technical needs of the case, 
tion of the type of dial office 
equipment to be used, the specification in 
detail of the quantities, types and inte: 
of equip 


project 


a 
the special 

the 
central 


meet 


selee 


connection of a large variety 
ment units, the design of the floor plan 
layout, arrangements for the provision 
of power including usually both com 
mercial power and an emergency engine 
driven generator set, the design and in 
stallation of conduits and_ telephone 
cables to connect to the new equipment 
the telephone lines which are to be served, 
the changing of telephone sets or the 
installation of dials for all customers of 
the area, the instruction of customers in 
the new method of operation, the issu- 
ance of a new directory, provision for 
the future of operators who no longer 
will be needed at this location after the 
change to dial operation, and the em- 
ployment and training of the additional 
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men necessary to carry out the work in- 
volved in the project and to maintain the 
new building and equipment in normal 
service. Very often a project includes 
also the provision of new means for han- 
dling toll messages and new terminations 
for toll lines. Underlying and preceeding 
all of this work are the necessary studies 
to determine that the project is a de- 
sirable one from the standpoint of serv- 
ice, economy and the general develop- 
ment of the telephone system in that 
area, the best general location of the pro- 
posed new office and the time when the 
job should be done. 

This project includes a considerable 
number of interrelated explicit plans. 
It involves an intimate correlation be- 
tween all of these explicit plans to form 
an organic whole. When the project is 
varried out it involves also a close co- 
ordination of timing of a wide variety of 
jobs done by different groups of people. 

Illustrations of the project plan could 
be multiplied in all fields of engineering 
work. 

A third type of plan may be called the 
fundamental plan. This type of plan is 
more far-reaching and forward-looking 
than the project plan and correspond- 
ingly far less explicit. It expresses the 
best picture which can be prepared at 
this time of the future design of a plant 
or operating system. It is intended to 
erystallize the goal toward which cur- 
rent projects should be directed and to 
be used as a base of reference in the de- 
sign of all such projects. It is often of 
great importance in determining the 
future adequacy and financial health of 
the entire enterprise. 

An illustration of a fundamental plan 
is given in a paper presented last Jan- 
uary at the A.I.E.E. Winter Meeting by 
several engineers of the American Gas 
and Electrie Service Corporation. This 
paper described the proposed 315-kilo- 
volt transmission system of the American 
Gas and Electrie Company. Looking 
forward it was recognized that the pres- 
ent 132-kilovolt network in Ohio, Indi- 


ana, and adjacent states would become 
inadequate. Extensive researches in the 
economies and problems of the use of 
higher voltages led to the selection of 315 
kilovolts as the best level for the new 
transmission system. Plans were then 
made of the points which should be in- 
terconnected. by the new high voltage 
system, the tower and conductor design, 
number of circuits on each route, inter- 
connection with the rest of the system 
and all of the general features of this 
great project. This plan will serve as ¢ 
guide in the design of the future trans- 
mission line projects of this power 
system. 

Another illustration of a fundamental 
plan is the nationwide toll dialing plan 
adopted recently by the Bell Telephone 
Companies. Toll dialing is the method 
of operation by which a toll call is ecom- 
pleted by mechanical means directly to 
the called telephone in the distant city 
without the assistance of operators at 
the distant city or at intermediate points. 
The electrical impulses which control the 
switches at remote switching points may 
be originated by an operator at the 
originating point, or directly by the 
customer by twirling his dial. 

Toll dialing has long been used in 
various parts of the country on a re- 
gional basis. A number of years ago we 
initiated studies to determine whether the 
results achieved by the operation of these 
regional networks and the possibilities of 
further technical developments made it 
desirable to plan for the indefinite exten- 
sion of these forms of operation in one 
nation-wide interconnected network. Such 
a decision was made and a plan devel- 
oped which affects all future develop- 
ment of toll telephone installations 
throughout the country. 

The plan involved the adoption of a 
new principle, namely, that the digits 
transmitted into the machine for com- 
pleting a toll call would designate only 
the destination of the call and not the 
route to be followed in reaching it—the 
route to be determined by the machine. 
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This made necessary the development of 
automatic switching machinery’ with 
greater powers of selection and diree- 
tion of routing than had been produced 
heretofore. 

The extension of customer dialing de- 
pends upon further technical develop- 
ments. New forms of machinery are 
necessary to record automatically all the 
information required for billing the ealls. 

The plan involves major revisions of 
the general toll switching plan previously 
used by the Bell Telephone Companies. 
The new toll switching plan concentrates 
the new and complicated forms of equip- 
ment at a relatively small number of ecare- 
fully selected points. 

The plan involves development of radi- 
cally new trunking plans, taking advan- 
tage of the ability of the machine to test 
rapidly a number of alternative routes 
if the route first selected has all cireuits 
busy. 

The plan involves the development of 
a non-conflicting system of telephone 
numbers covering the entire area of the 
United States and Canada. Any tele- 
phone in this area will be uniquely desig- 
nated for toll dialing purposes by ten 
digits. These must be related closely to 
the local telephone number. The prob- 
lem of meeting these two requirements 
without conflicts is one of great com- 
plexity. 

I wish I could convey to you in a few 
words the fascination of work on this im- 
portant and far-reaching plan. It will 
provide gradually for a marked and 
general improvement of long distance 
telephone service throughout the country. 
It will be a basic guide in the investment 
of hundreds of millions of dollars in the 
construction of toll plant. It establishes 
requirements for telephone equipment 
which direct years of development work 
in this field. It constitutes a major ecrea- 
tive effort on the part of a large number 
of engineers throughout the country who 
have taken part in the vast amount of 
work involved. 

While I have mentioned 
fundamental plans, 


only two 
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abounds with other illustrations. Prob- 
ably too there are many situations where 
a fundamental plan is needed and not 
made beeause of the preoccupation or 
limited horizon of those who would be 
responsible for such work. 

A fourth type of plan 
which should be mentioned can be de- 
scribed as a program. The project plan 
does not of itself inherently include any 
schedule of the times at which various 
parts of the plan will be carried out. 
Such a program, however, carefully co- 
ordinated, is necessary for the execution 
of the project. A fundamental plan is 
usually too forward-looking to be covered 
by a single program, but programs are 
prepared from time to time covering 
expected activity for a few years ahead. 
These programs are important to coordi- 
nate various projects for 
development along the lines of the funda- 
mental plan. The preparation of pro- 
grams, therefore, while often associated 
with a project plan or a fundamental 
plan, is an independent act of planning. 

Within my experience, engineering 
graduates are often aware in a general 
way of project plans and familiar with 
plans described in current literature. 
They are usually quite unaware of the 
scope and variety of the work involved 
and of the problems of coordination and 
evaluation necessary in arriving at the 


engineering 


satisfactory 


decisions which must be made in such 
planning work. They are likely to have 
no conception whatever of the fundamen- 
tal plan. They do not have an apprecia- 
tion of the importance of this type of 
planning in engineering work. 
The Principles of Engineering Planning 
I do not suggest that the student might 
be trained in his undergraduate work to 
be competent in engineering planning. 
Engineering planning is an advanced sub- 
ject—one of the highest forms of engi- 
neering activity. Accomplishment in this 
field depends upon a creative imagina- 
tion born of the union of natural ability 
and experience. All that we need to 
consider here is whether anything more 
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can be done than is now being done in the 
crowded years of the curriculum to train 
the young engineer in the techniques and 
principles which he will later apply in 
planning work and to give him an ap- 
preciation of the scope, amount and im- 
portance of this type of work in his 
future professional life. 

There are certain techniques which are 
important in engineering planning, on 
which it seems to me more emphasis 
could advantageously be placed. 
importance among these techniques I 
place those of engineering economy. 
This subject enters in an important way 
in all engineering planning as well as in 
other engineering work. I don’t think 
that the young engineer is fully trained 
for professional work unless he is thor- 
oughly tamiliar with the principles of 
engineering economy. 

Another technique which applies to 
engineering planning work is that re- 
lating to precision. The inexperienced 
engineer working on an engineering plan 
may spend vast amounts of time and ef- 
fort in working out degrees of detail 
which are not significant. In such a plan 
the engineer is dealing with the future 
with all of the uneertainties which that 
term represents. He must determine 
what are the most significant variables 
in his problem, what are the probable 
degrees of variation and what effect these 
have on the outcome of his study. 1 
would say that because of considerations 
forward-looking study 
generally should include only those de- 
tails which it is necessary or important 
to determine upon at the time. All other 
details should be left for further devel- 
opment by explicit plans made at the 
time action is taken on each part of the 
over-all plan. 

The ability of the young engineer to 
apply to a planning project the princi- 
ples of precision as above outlined cer- 
tainly is helped by his knowing the prin- 
ciples of elementary statistics particu- 
larly of sampling and of the precision of 
results. 

Engineering planning involves the use, 
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consciously or unconsciously, of the prin- 
ciples of logic. The planning work 
should be inclusive—no alternative com- 
pletely overlooked. There are historic 
cases where tremendous amounts of engi- 
neering effort were done unnecessarily 
because the work was started along the 
wrong lines. In practice, to be able to 
consider all alternatives requires ability 
in classification and comparison, so that 
the less favorable possibilities can be re- 
jected by classes or groups rather than 
individually. 

Througout the planning work it is nee- 
essary accurately to present and to judge 
comparisons of alternatives. These com- 
parisons often involve quite dissimilar 
conditions and the inclusion of both tan- 
gible and intangible factors. To sum 
these up so that the correct decisions ean 
be made at each point as the work pro- 
ceeds is an important part of the tech- 
nique of engineering planning. 


Planning in Relation to the Curriculum 


In approaching the question of what 
relation the subject of engineering plan- 
ning has and should have to the eurricu- 
lum of the engineering school, I have dis- 
cussed the matter with 26 of the more 
recent engineering graduates in my own 
department. These men come from 20 
engineering schools all over the country. 

The men were unanimous in the opinion 
that it is important for the graduate to 
have an appreciation of engineering 
planning and nearly unanimous in believ- 
ing that an effort should be made to get 
more of this training into the curriculum. 
Most of them recalled elements in their 
which they 
training in planning, but consider that 
more could well be done. 

As regards specifie techniques which 
might be made a part of the curriculum, 
the most conerete item I have to sug- 
gest is engineering economy. Here is 
a considerable body of technical prin- 
ciples which are teachable. I have al- 
ready expressed my opinion that these 
principles should be included in every 
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engineering course. The same thing can 
be said regarding the techniques which 
relate to determining the precision of 
results, the size of samples and similar 
elementary statistical methods. 

In addition there is a considerable 
body of principle which relates to plan- 
ning work. Some of this I have briefly 
suggested in this diseussion. It might be 
called “Applications of Logie.” While 
this theoretically might be the subject of 
a course, I am not suggesting that it be 
added to the curriculum. I have not 
seen any text which develops these prin- 
ciples in the tangible form necessary to 
make them attractive for use in engi- 
neering school courses. 

Without adding any subjects to the 
curriculum, however, it would appear 
that there is great advantage in includ- 
ing planning problems and a discussion 
of planning methods in the present sub- 
jects of the curriculum to the extent 
this is practicable. This type of work is 
an excellent method of teaching the stu- 
dent to think, the basie aim of education. 

An important opportunity to include 
planning work in the curriculum is pre- 
sented by the laboratory exercise where 
the student is required to plan his own 
experiment in detail before going into 
the laboratory rather than being given 
instructions which he is to follow. I am 
strongly of the opinion that one labora- 
tory experiment which the student has 
been required to plan completely him- 
self is of greater value to him than two 
experiments in which he follows instruc 
tions. 

In a few eases the young graduates 
whom I consulted referred to projects 
of a planning nature carried out by a 
group of students. In one case an entire 
summer course was devoted to this type 
of group planning. In several cases 
projects of a smaller nature planned by 
individuals or small groups were included 
in the regular winter work. 

The more complicated forms of plan- 
ning to which I have referred are neces- 
sarily beyond the scope of the student 


activities. There would appear to be 
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advantage in giving the student as much 
appreciation of this work as_ possible. 
It would seem that seminars and lectures 
by men engaged in engineering practice 
could be so directed that they would 
bring to the student a great deal of ap- 
preciation of planning processes. To do 
this, however, would undoubtedly require 
a careful steering by the faculty of the 
subject matter and form of presentation. 
It might require that the presentation 
hy the outside engineer be supplemented 
by discussions of the project by a pro- 
skilled in analyzing the 
elements of the planning process. 


iessor who is 


Conclusion 


[I have tried to 
bring to you can be summed up in four 
points: 


The analysis which 


1. The processes of engineering plan- 
ning, particularly, of what I have ealled 
project planning and fundamental plan- 
ning, are of wide and inereasing im- 
portance in engineering work. It is ad- 
vantageous to the young engineer to have 
an appreciation of the importance and 
scope of such work and to have as much 
training in the techniques which he will 
use in planning work as is practicable 
within the limits of the college years. 

2. Certain techniques are important in 
engineering planning and other engi- 
neering work and should be a general 
part of the curriculum of the engineer- 
ing school. Outstanding among these is 
engineering economy. 

3. Teaching the student to think clearly 
and logically is the best preparation for 
work 
as other engineering work. The inelu- 
sion in the curriculum of simple plan- 
ning problems would appear to be excel- 
lent training in this direction. 

4. It should be possible to give the stu- 
dent an inereased appreciation of what 
is involved in practical engineering plan- 
ning work by directing to this subject 
seminars and outside lectures. Such di- 
rection would their value to 
the student. 


in engineering planning as well 
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Research and Development: The Nation’s 
Balance Sheet in June 1951* 


By ERIC A. WALKER 
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Research and Development Board 


The Pentagon, designed to accommo- 
date 18,000 people, is now straining at 
the seams with 32,000. Whether this is 
good or bad it is a small example of the 
pressure the national defense effort is 
exerting everywhere—not only upon our 
manpower and material resources but on 
the ability of the people to pay for it. 
We in the Defense Department are fully 
aware of this. We feel a keen sense of 
responsibility in our expenditure of the 
funds and manpower necessary to keep 
our defensive capabilities at a safe level. 
The magnitude of our task is illustrated 
by the fact that military research and 
development in 1951 costs more than 
seven times the amount of money ex- 
pended on our entire national research 
and development effort in 1940. In my 
remarks concerning the nation’s research 
and development balance sheet—and I 
am using the term “balance sheet” in 
its broad sense—I shall tell you some- 
thing of the amounts of money we are 
spending and how they are being used, 
the factors contributing to the increased 
costs of research and development, the 
current technical and scientific personnel 
shortage and measures for relieving this, 
and the position and problems of the 
Research and Development Board. As a 
point of departure, I shall first compare 
research and development expenditures, 


* Presented before the ECRC at a general 
session of the society at the Annual Meet- 
ing, East Lansing, Michigan, June 26, 
1951. 


both national and military, during the 
1940-1950 period. 

In 1940 the total national expenditure 
was about $350,000,000, while that of 
the military was in the neighborhood of 
$22,000,000. In other words, the military 
expenditure amounted to one fifteenth of 
the total national research effort. As of 
1945, the national expenditure had in- 
creased to 1.1 billion dollars and the 
military expenditure—including that of 
the Office of Scientific Research and De- 
velopment—had increased to $600,000,- 
000. This military research figure was 
about one-half of the national total. 
During the five years preceding the out- 
break of hostilities in Korea the mili- 
tary research and development budget, 
exclusive of atomic energy, remained 
more or less constant with an annual 
expenditure of around $500,000,000; but 
the increased international unrest after 
June 1950 was instrumental in more 
than doubling this. One estimate places 
the current national research and devel- 
opment expenditure at 1.75 billion dol- 
lars and another sees it as a total of 
2.3 billion. Our military research and 
development effort now absorbs 1.1 bil- 
lion dollars, with a further increase of 
about $200,000,000 expected in 1952. 
The 1.1 billion is apportioned roughly: 
$3,000,000 for work done in government 
laboratories, $650,000,000 for project 
contracts with industrial installations, 
and $100,000,000 for research conducted 
by colleges and universities. It is diffi- 
cult to achieve any adequate measure of 
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the expenditures associated with research 
and development, for the development 
eventually becomes testing and this is 
not paid for out of research and devel- 
opment funds. 

Consider for a moment the effects of 
the budget increases. For one thing, we 
can expect that a large portion will be 
absorbed by rising costs. The Secretary 
of Defense recently stated that inflation 
has, in the past year alone, effectively 
taken from the military establishment 
about 7 billion dollars of the 35 billion 
voted to it by Congress. This inflation- 
ary trend has also been felt in the sphere 
of research and development. 

A number of factors have contributed 
to the inereased cost of research and de- 
velopment. As of December 1950, mate- 
rials and service costs have gone up 19 
per cent from the 1947 level and these 
are still rising. The salaries of employees 
under federal civil increased 
about 13 per cent during the same period, 
and it is reasonable to. suppose that there 
has been a comparable rise in_ those 
paid by industry and academic institu- 
At present, the yearly cost of 
maintaining a scientist or engineer in a 
laboratory varies considerably even with- 
in the government. Approximations of 
such costs are: $26,000 for the Depart- 
ment of Defense and other government 
agencies (except the Atomie Energy 
Commission, where this expenditure runs 
to $30,000), $23,000 for industry, and 
$8000 for universities. These differences 
are a result in part of different defini- 
tions of a “scientist or engineer,” but 
they also reflect variations in the cost of 
the equipment used and the amount of 
service help supplied the scientist by his 
organization. These constitute sizable in- 
creases over such costs even six months 
ago. Then there is the matter of over- 
time pay, necessitated by the current 
world situation, which will probably ac- 
count for an additional 10 per cent in- 
crease in the cost of the research pro- 
gram. As a general thing, the type 
of research we are conducting requires 


service 


tions. 


very expensive equipment and facilities, 
such as large wind tunnels, high-speed 
electronic computers, and guided mis- 
sile test ranges. Since most of these have 
no industrial application it is necessary 
that they be constructed and operated at 
government expense. 


Engineering Manpower 


I turn now to the problem of man- 
power, which I rea‘ize is a question of 
particular interest to this audience. One 
of our major difficulties at present is 
the acute shortage of engineers and sci- 
entists, particularly those trained for re- 
search work. The nation’s scientific and 
technical manpower resources now total 
some 575,000 persons, of whom an es- 
timated 25 per cent are equipped to do 
research. The 25 per cent figure repre- 
sents roughly 130,000 research people, of 
whom about 25,000 are employed full 
time by the government, 70,000 by in- 
dustry, and 35,000 by colleges and uni- 
versities. The total number of engineers 
and scientists now required tor the De- 
partment of Defense research program 
of 1.1 billion rounds out to 56,000, or 
43 per cent of the total national supply. 
It is expected that in 1952 this percentage 
will rise to 52, with a total requirement 
for 68,000 technically trained person- 
nel. It the research-personnel require- 
ments of the Atomic Energy Commission 
and other agencies engaged in defense 
research are included, the requirement 
reaches a staggering 65 per cent. 

The breadth of this military research 
effort is sobering as well as startling. We 
are confronted with the fact that a tre- 
mendous proportion of our scientifie re- 
sourees are being utilized for research on 
counter-measures, and_ tech- 
niques of warfare, and this must of nee- 


weapons, 


essity have a profound effect on our way 
of life. If we are to maintain a mili- 
tary research and development program 
and also provide for increased civilian 
research needs we must be sure that we 
are using our manpower as efficiently as 


possible. There have already been dis- 
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ruptions and dislocations in the fields of 
teaching and of academic and industrial 
research. In addition, we run the risk of 
lowering our national standard of liv- 
ing, of which we are justifiably proud, 
through the diversion of our scientific 
research and development effort from 
civilian consumer goods to materials 
with which to meet military requirements. 
This could affect the morale of our peo- 
ple adversely, with consequent impair- 
ment of our military machine. We must 
also beware of a condition in which basic 
research, the life blood of scientific prog- 
ress, becomes excessively subordinated 
to applied research. Here, of course, it 
is encouraging to note that the picture 
has been brightened considerably by the 
formulation of a policy for military sup- 
port of such research—namely that the 
Departments should budget no less than 
6 per cent of their total annual research 
and development funds for basic re- 
search—and by the recent establishment 
of the National Science Foundation. 

I should not like to give you the im- 
pression, however, that all of the money 
and manpower expended upon military 
research leads only to destruction of life, 
health, and property with the attendant 
human misery. Such research, however 
deadly its intent, almost always produces 
something with a constructive applica- 
tion. Chemieal and biological warfare, 
potentially deadly weapons, have made 
important contributions to the medical 
and veterinary sciences. Studies of the 
action of nitrogen mustards, developed 
as toxic chemical warfare agents, have 
revealed the destructive effect of these 
mustards on white blood corpuscles. 
This finding suggests their use in treat- 
ment of leukemia and has led to such em- 
ployment. Experiments with rinderpest, 
one of the most fatal animal diseases, 
have produced significant advances in the 
development of an_ effective vaccine 
against this disease. 

Many manufacturing techniques used 
in the production of television tubes have 
resulted from research on cathode ray 


tubes used in radar. Military experi 
mentation was responsible for a more 
ruggedized picture tube capable of maxi- 
mum production in terms of quality and 
quantity. The technique used in send 
ing television images from one station 
to another by radio links owes much to 
the microwave relay links and equip- 
ments developed for the armed services 
during the last war. 

The airborne magnetometer, developed 
to aid in the detection of submarines, has 
proved a very efficient tool for geophysi- 
cal prospecting for valuable minerals 
and for the determining of geological 
structures. 

These few examples should serve to re- 
mind you that while we in military re- 
search and development are sowing 
dragon’s teeth we are also sowing good 
seeds which are already yielding a 
harvest. 

The great problem which confronts us 
at present is how to meet greatly in- 
creased demands without making whole- 
sale inroads into the scientifie staffs and 
faculties of our industries and schools. 
It is universally agreed that to make such 
inroads would be to court disaster. But 
where are the additional people we need 
going to come from? This is a question 
to which some of you gentlemen may 
have an answer. It is certainly one that 
we all must think about very seriously. 


Declining Enrollments 


Another critical aspect of the overall 
problem is the fact that while our mili- 
tary research and development require- 
ments have been inereasing at such a 
rapid pace, the number of college gradu- 
ates in the scientific and engineering fields 
has decreased almost comparably. The 
fall-off in engineering college enroll- 
ments is particularly serious. Accord- 
ing to the most recent figures I have seen, 
our colleges produced some 50,000 engi- 
neering graduates in 1950. This year will 
see a decrease to 38,000, and by 1954 the 
total is expected to ke 18,000. Dr. James 
R. Killian has recently estimated the 
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number of 1954 engineering graduates to 
be as low as 12,000. Either of these 
figures would leave us considerably short 
of filling even the normal peacetime re- 
placement need, and our demands have, 
of course, been greatly increased during 
the past year or so. I am reasonably 
sure that this shortage is also charaec- 
teristic of scientific and technical fields 
other than engineering; and it cannot 
be alleviated in any short period of 
time. The situation will probably be even 
more acute 10 or 12 years from now, 
since an over-all decrease of 10 per cent 
in the number of high school graduates 
is expected between 1950 and 1958. 

The explanation for this appalling 
shortage of scientific and engineering col- 
lege graduates is not simple. The situa- 
tion is no doubt partially attributable to 
the decreasing numbers of eapable sci- 
ence teachers in our high schools, for it 
is these people who either stimulate or 
fail to encourage the desire for higher 
education in the scientifie fields. A short- 
sighted view held by some engineering 
college administrators and faculty mem- 
bers a few years back may also be blamed 
in part. There was, as you all must re- 
member, a widespread tendeney to dis- 
courage prospective enrollees on the 
grounds that the employment market for 
engineers was in danger of being glutted! 
This view was probably based on figures 
contained in a report entitled Employ- 
ment Outlook for Engineers, released by 
the Bureau of Labor Statisties of the De- 
partment of Labor. Although the com- 
pleted report was not released until the 
late spring of 1949, much of the mate- 
rial was available previously. 

Another complicating factor at the 
present time is the extension of selee- 
tive service. A recent policy change has 
been effected whereby college students, 
through maintaining exceptional grades 
or passing a written examination pre- 
pared by Selective Service, may be de- 
ferred pending completion of their edu- 
‘ation, but it is too soon to determine how 
effective this will be. An _ unidentified 
student, commenting on the draft-defer- 


ment test, remarked that the Army is 
going to get a bunch of art students and 
psychologists if the test is used. If this 
young man is right we who are con- 
cerned with research and development 
will rest more easily, but I don’t think 
it would be wise to count on it. 

In addition to the demands of selective 
service, departmental call-ups of sei- 
entific reserve officers, particularly elee- 
tronics specialists, are cutting into ¢i- 
vilian scientifie activities. 

The ultilization of scientifie and tech- 
nical personnel within the Department 
of Defense is yet another aspect of the 
problem. The Office of the Assistant 
Secretary of Defense for Manpower is 
working on a policy for the most effee- 
tive assignment of scientists and other 
specialists to military jobs. If adopted, 
this policy will help to prevent waste of 
scientific manpower acquired by the 
services. 

There are certainly no ready solutions 
to the technical-manpower problem. The 
stepped-up defense program requires ad- 
ditional personnel, and it is clear that to 
a great extent these can be obtained only 
at the expense of other research and de- 
velopment activities. If there is unrea- 
sonable competition between various 
agencie for needed personnel, additional 
fuel will be piled on the fires of inflation 
and our research and development dol- 
lar will buy less and less. 

Since I don’t want to sound like the 
definition of a pessimist that I heard 
recently—a person who must appear un- 
happy in order to be happy—I should 
tell you that there are some promising 
aspects to the situation. As I said be- 
fore, only about 20 per cent of our trained 
engineers and scientists are actively en- 
gaged in research and development, but 
ways are being explored whereby the use 
of the national reservoir of technical 
personnel can be maximized. 

Engineering Manpower and Military 

Service 


The Buckley Committee, a staff agency 
under the chairmanship of Dr. Oliver E. 
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Buckley, Chairman of the Board of Bell 
Telephone Laboratories, has recently 
been organized to advise Defense Mobili- 
zation Director Charles E. Wilson re- 
garding coordination of government and 
private scientific research and planning 
for defense. One of the problems which 
it will consider is the availability of sci- 
entific manpower. The membership of 
this group includes William Webster, 
Chairman of the Research and Develop- 
ment Board;-: Dr. J. Robert Oppenheimer, 
Director of the Institute for Advanced 
Study, Princeton University; Dr. Hugh 
L. Dryden, Director of Aeronautical Re- 
search, National Advisory Committee for 
Aeronautics; Dr. Detley W. Bronk, Presi- 
dent of Johns Hopkins University; Dr. 
Alan T. Waterman, Director of the 
National Science Foundation; Dr. James 
B. Conant, President of Harvard Uni- 
versity; Dr. Lee DuBridge, President of 
California Institute of Technology; Dr. 
James R. Killian, President of MIT; Dr. 
Robert F. Loeb, of Columbia University’s 
college of physicians and surgeons; Dr. 
Charles A. Thomas, Executive Vice Presi- 
dent of the Monsanto Chemical Company. 

Problems dealing with the scientific- 
manpower shortage give rise to the ques- 
tion of some sort of national scientific 
service, however, and this is part of the 
over-all manpower problem, which cer- 
tainly cannot be solved overnight. In 
line with this, the American Association 
for the Advancement of Science re- 
cently approved a resolution stating in 
part 


... a system of Universal National Serv- 
ice, as distinct from Universal Military 
Service, should be instituted, to be adminis- 
tered by a carefully qualified civilian agency 
that will grant no deferments but will al- 
locate all scientific and technical personnel 
to such national service as their individual 
training and skills permit, and national 
needs require. 


It should be added that a number of 
academic institutions are also offering as- 
sistance in the solution of the manpower 
problem. To meet the nation’s needs 


for a greater number of broadly trained 
engineers, several schools of engineering 
have recently entered into agreements 
with liberal arts colleges to offer students 
a combined five-year program leading to 
both a B.A. and B.S. degree. Under the 
program, students spend three years in 
the colloge of their choice, taking a lib- 
eral arts course. Upon recommendation 
of the liberal arts school, they will then 
be accepted by the engineering schools 
for two years of specialized engineering 
training. At the completion of the 
entire program they will receive two 
degrees. 

Another partial solution that is re- 
ceiving consideration is the full utiliza- 
tion of the scientific resources of our al- 
lies. I believe that something of this sort 
is being done through the London Office 
of the Office of Naval Research and 
through certain State Department scien- 
tific-liaison agencies. It may soon be 
formalized by agreements between the 
NATO countries. There is already a 
considerable exchange of scientifie in- 
formation between the United States, the 
United Kingdom, and Canada and it may 
also be possible to make use of the ex- 
panded research effort in certain Latin- 
American countries which is now receiv- 
ing support under the Point [IV program. 

Military Research Program 

After this statement on the over-all 
budget and manpower situation, and the 
attendant problems, you are probably 
wondering about the organization of the 
military research and development pro- 
gram. One of the questions we are often 
asked is, “Is there going to be another 
organization of the OSRD type?” I can- 
not say positively that there will be no 
such organization, but I can tell you that 
none is contemplated at present. The re- 
search programs of the services are more 
complete than they were at the time when 
the OSRD was in operation; also, more 
scientists are actively employed in the 
program and more advice is sought from 
outside scientists. Thus the combined 
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research and development program en- 
compasses the types of activities carried 
on by OSRD. The services now ad- 
minister their own research and develop- 
ment, which is carried out in government 
laboratories or by contract with indus- 
trial organizations or universities. The 
programs are guided and constantly re- 
viewed by the Research and Development 
Board. 

Before I tell you what the RDB is and 
how it functions, perhaps I should tell 
you what it is not. It is not an operat- 
ing agency; and by that I mean that it 
does not let contracts or administer re- 
search and development programs. It 
serves, rather, in an advisory capacity; 
the details of carrying the programs out 
are left to the military departments. 
This division of responsibility is carefully 
delineated in our directive, which states: 
“The Board shall not direct or control 
the internal administration of the re- 
search and development activities and 
programs of the several departments and 
agencies of the Department of Defense.” 
In addition to program guidance, our 
specific duties include the review of de- 
partmental budget estimates, review of 
facilities proposals, advising the Seecre- 
tary of Defense on obligation of funds, 
preparation of estimates of the technical 
capability of weapons and _ counter- 
measures for consideration by the Joint 
Chiefs of Staff, and elimination of un- 
desirable duplication. 

Besides the seven-man Board, com- 
posed of a civilian chairman and two 
members from each of the military de- 
partments, there are a number of com- 
mittees which correlate work done in their 
respective fields and advise the Board 
and the Departments accordingly. These 
Committees, of which there are 14 at pres- 
ent, cover such subjects as atomic energy, 
chemical and biological warfare, and 
guided missiles. They are assisted by 
full-time secretariats, and by panels, 
subpanels, and working groups. Since 
the committees and their subgroups are 
composed of experts from industry, uni- 


versities, and the military departments 
and other government agencies, they as- 
sist also in bringing about a fruitful 
eross-exchange of information. The 
largest committees at present are Aero- 
nautics, Eleetronies, Guided Missiles, and 
Ordnance. 

We believe that we have contributed a 
great deal to the integration of the vari 
ous military research and development 
programs and to the over-all program 
as well. We are faced, however, with a 
number of basie problems which make 
our task more difficult and, I fear, pre- 
vent the research and development pro- 
gram from attaining the effectiveness 
which we would like to see. 

One of the Board’s most urgent prob 
lems is the need to find a qualitative 
measure of the research and development 
program. The popular tendeney, which 
I think is a fallacious one, is to measure 
the quality of research in terms of ex- 
penditures and numbers of people em- 
ployed. This earries over into civilian 
scientific endeavors as well. For ex- 
ample, there seems to be a feeling that 
if 100 million dollars are spent on eancer 
research, the return will be 100 times 
what would have been achieved had only 
one million been spent. Any scientist 
knows, however, that this is not neces- 
sarily true. The ratio between heavy ex- 
penditures and probable success in solv- 
ing the problem is a favorable one gen- 
erally, but it is not infallible. Such 
things as expenditures and numbers of 
personnel cannot, therefore, be accepted 
as measures of accomplishment. They 
merely indicate the use to which the 
nation’s financial and manpower re- 
sources are being put. 

At present the Research and Develop- 
ment Board has cognizance over approxi- 
mately 8500 research projects which 
range all the way from improved ship- 
ping containers to a guided missile with 
a 5000-mile range. It is, of course, nee- 
essary to concentrate on development of 
some of these projects at the expense of 
others; so we must continually. ask our- 
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selves and others the questions: How im- 
portant is the problem? How valuable 
is the result of our effort in this diree- 
tion going to be? The answers to these 
can’t be arrived at simply; we run into 
a great deal of conflicting opinion which 
makes difficult the assessment of relative 
importance and probable return. 


Evaluation Methods 


In industry one can approach the prob- 
able return by estimating the net profits 
which might be expected to accrue from 
a product under development. In war, 
however, success is not measured by so 
simple a yardstick. It is measured, 
rather, by numbers of enemy dead or 
incapacitated, by numbers of our peo- 
ple not dead or injured, or by territorial 
gains, and our weapons are developed in 
accordance with what we think these 
would be. On the other hand, just to 
complicate matters still further, the most 
valuable weapon which could be devel- 
oped would be one which would deter 
prospective enemies from aggression, 
rather than decimate their armies or 
civilian populations. Military history 
for centuries demonstrated that for every 
offense a defense could be developed, 
but the possibilities inherent in such 
weapons as the super-atomic bombs are 
so frightful that the possession of sizable 
numbers of them by any nation would 
give would-be aggressors grounds for 
serious consideration. 

To take a hypothetical example, sup- 
pose that a cosmic ray eapable of de- 
stroying all life within a radius of 100 
miles could be developed. How would 
you measure the value of this in dollars 
and cents? Could you say that the re- 
search on it would be worth 100 million 
dollars—or one million? So you see that 
first of all we need a set of measurements 
for determining the value of projects. 

The first thing that needs to be done 
in evolving such a set of measurements is 
to determine the relative importance of 
the various types of operations. Are 
land operations more important than 


strategic bombing? Are amphibious op- 
erations of more value than_ biologieal 
warfare? What is the relative impor- 
tance of guided missiles and electronic 
communications systems? In these large 
areas the answers are subject to endless 
debate. One can estimate the relative 
effectiveness of modes of warfare only 
by approaching them in terms of specific 
weapons systems and individual weapons. 

The second need is for a method of 
evaluating the probable success of a 
given research project. The most revolu- 
tionary idea is of no use if it ean be 
proved impossible to develop and apply, 
or if its development and application 
would be too costly in terms of dollars 
and man hours. But again, the difficul- 
ties of accurate assessment intrude. It 
is obvious, however, that once we can de- 
termine the importance of a problem 
and’the probability of solving it we shall 
have two important eriteria for our meas- 
urement of a research and development 
program. 

A third point which requires consid- 
eration is the efficiency with which a re- 
search program is being conducted, on 
both the administrative and working 
level. No two teams of researchers are 
equal in talent; nor do the teams have 
the same backgrounds, facilities, and sup- 
porting staffs. If we could obtain some 
workable measure of efficiency of re- 
search groups we could weed out the in- 
efficient ones and foster the qualities 
which make others successful. Individual 
laboratory directors can often find a 
relative standard for judging the pro- 
ductivity of their workers, but officials 
who coordinate the work of people in 
widely separated laboratories where they 
have slight acquaintance, if any, with 
the workers have quite a difficult time. 
This difficulty is magnified when a re- 
search coordinator or contract adminis- 
trator is trying to decide whether a cer- 
tain project should be put into the hands 
of a government laboratory, an industrial 
organization, or an university. 
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Administrative Problems of Government 


One of the great problems that besets 
government administrators lies 
in the fact that, without personal stand- 
ards for measuring the difficulty of prob- 
lems or the efficiency of their research 
teams, they must make administrative 
and scientific decisions involving the ex- 
Also 


some- 


research 


penditure of millions of dollars. 
the current personnel 
times necessitate the use, as administra- 
tors, of persons with little experience in 
such Here the government de- 
viates sharply from industrial practices, 


shortages 


lines. 


since most industries go to great lengths 
to procure the outstanding 
administrators, paid 
times the amount their counterparts in 
government receive for administering 
many times the same volume of research. 
The net result of this is that government 
research, even when carried on by in- 
dustrial installations, is often done with 
much lower returns than that conducted 
by industry directly. 


services of 


who are several 


confronting those 
research is the 


Another 
who guide government 
question of when to consider a project 
finished and stop work on it. A research 
director plans a program for solving a 
given problem and estimates the time 
and money which will be required. At 
the end of that time the problem may 
not be solved, usually because of difficeul- 
ties which cannot be identified. There 
may have been unforeseen technical ob- 
stacles or the assigned staff may have 
been incompetent. At any rate, the ques- 
tion What should be done? 
Should the project be continued or can- 
celled? How imminent is the solution? 
Those doing the work nearly always want 
the program continued, and this feeling 
is apt to carry over to the research di- 
rector. The end result is that sometimes 
programs which ought to have been ean- 
celled long ago drag along, absorbing 
money and manpower that could be used 


problem 


arises: 


to much advantage somewhere 
else. 

A problem equally 
equally difficult is the question of when 
the research phase should be terminated 
and the device put into 
Rarely is a research man satisfied with 
the results of his work. He can always 
see how the device can be 
efficient and 
and at times (one feels) more compli- 
cated. Many difficulties arise in decid 
ing whether the original problem has been 
solved to the extent where a production 
line can be set up. The OSRD encoun- 
tered this problem in World War II and 
solved it in a reasonably satisfactory way 
by establishing the Engineering and 
Transition Office. This Office was staffed 
by people who understood military re- 
quirements and, where these existed, the 
specifications for the completed device. 
They also understood the working of 
the prototypes constructed by the re- 
searchers. Lastly they had some com- 
prehension of manufacturing processes 
and materials; so, from this collection 
of information, they were able to decide 
when the item should be put into produe- 
tion. The military services now have 
evaluation groups to which the making 
of such decisions is entrusted. 

In closing I should tell you that the 
over-all military research and develop- 
ment picture is quite a promising one; 
although, as I have indicated, there are 
some spots which need touching up. It 
was inevitable that in the sudden huge 
expansion of the program certain prob- 
lems should arise; but these problems are 
widely recognized by the military de- 
partments and other government agencies, 
and all possible steps toward their solu- 
tion are being taken. We have been sue- 
cessful in developing greatly improved 
weapons. Two additional positive re- 
sults are the new sense of awareness of 
the importance of technology to modern 
warfare and a mutual respect 
the military and the scientists. 
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Engineering Manpower for Industry” 


By DON G. MITCHELL 
President, Sylvania Electric Products Inc., New York, N. Y. 


It would be presumptuous of me to of- 
fer you any statistics on the engineering 
manpower situation. I am sure you 
must know by heart how many engineers 
were graduated last year and this year, 
and how many are in each of the classes 
now in college. You know how repre- 
sentatives of industry have swarmed on 
your campuses desperately trying to sign 
up some engineers at attractive starting 
rates. 

It would be my guess that this year not 
one of you has had the spectre of un- 
employed seniors to plague you. Every 
graduate either has been placed or can 
be placed, once he makes up his mind 
which bid he will accept. Aside from 
the fact that some of these young men 
will not return from their tour of duty 
with the Armed Forces, it must be a 
comfortable feeling for you to know that 
as you start on the finishing of next 
year’s model none of the last is left over 
in stock. 

It is not as comfortable for industry. 
As you well know, there are not enough 
engineers to go around. 


Defense Requires Engineers 


We are trying to maintain a civilian 
economy at the same time that national 
defense requirements are increasing and 
use of critical materials is being re- 
stricted. This is a problem that needs 
engineers and more engineers, but the 
defense services also need engineers. 

This isn’t anything new. We have had 

* Read at Annual Convention, American 
Society for Engineering Education, East 
Lansing, Mich., June 28, 1951. 


national emergencies before. When 
shortages developed we either learned 
how to get along with what we had or 


we turned to some substitute source. 
Sometimes the necessity has _ brought 


practices that have been beneficial long 
after the emergency has passed. Such 
a situation could develop in the employ- 
ment of engineering manpower. 

Perhaps we can draw some compari- 
sons between engineering and some of 
the skilled trades. At one time a ma- 
chinist had to spend six or seven years 
learning his trade. When he became a 
journeyman he could make up the work 
and operate any machine tool. Mass 
production industry, however, couldn’t 
wait as long as that to train machine me- 
chanics. Men were trained for special 
work in a fraction of the time it took for 
the overall training. 

Welding is another skilled trade that 
takes a lot of training to learn all the 
tricks of the trade. During the last war 
women were trained for special work in 
a matter of weeks. 


Training Wasted 


It seems to me that we have been giv- 
ing thousands and thousands of young 
men a four year training in the funda- 
mentals of engineering, at considerable 
expense to them, and then putting a great 
many of them in jobs that could be done 
as well by people with a fraction of the 
training. 

For a long time, engineers were poorly 
paid by comparison with college trained 
men in other professions. Supply and 
demand had, of course, more than a little 
to do with it, but an important factor 
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was the type of work they were doing. 
Even so, I am none too sure that indus- 
try did not pay more to engineers for 
doing that kind of work than it would 
have had to pay to non-college trained 
people. 

How many engineers are hunched up 
over a drafting board on mechanical 
work? How many are compiling statis 
ties and drawing graphs? How many 
are playing nurse to ailing machines? 
How many are making routine tests? 
How many are caught in blind alleys 
doing specialized work that requires no 
particular talent? 

In other words, do we have a shortage 
of engineers or does it just look that way 
because of the manner in which we have 
put engineers to work? 

Would we have a shortage of engineers 
if we replaced them with people trained 
to do some of these routine jobs on which 
engineers are now being used? 

Obviously, I am speaking generally be- 
vause, of course, there are many men 
who succeed in getting an engineering 
degree who will never be able to go be- 
yond routine work. People so mentally 
limited would probably enjoy life more 
if they never had gone to college. 

If what I am suggesting could happen, 
actually does come to pass, I believe that 
industry, engineers and education will 
all benefit. 


Reevaluation of Formal Training 


Let me ask you, who do the original 
selecting and the basie training, if it is 
fair to leave the responsibility for ulti- 
mate determination of an engineer’s em- 
ployment entirely to industry? That, I 
know, is an academic question and we 
could argue it all night long and get no- 
where. Nevertheless, I think you will 
agree that industry has a point when it 
says that every time it is saddled with a 
frustrated individual it acquires a pos- 
sible point of social infection. 

Probably the greatest gain would 
come through a reevaluation of the for- 
mal training of engineers in the light 


of what industry really wanted. This is 
a subject which has been discussed so 
much that there should be little left to 
say. Nevertheless, I am sure that if in- 
dustry finds it ean fill advantageously the 
routine jobs with people who are not 
engineering graduates, our engineering 
schools and industry will find it necessary 
to reappraise the quality of the formal 
training. 

Just why do we need engineers in in 
dustry? One could answer by enumerat 
ing the different kinds of jobs in which 
engineers are employed, which is what 
industry does in its recruiting college 
work. If what I have been saying, how 
ever, has any validity this approach 
would offer us no constructive solution 
to the problem of engineering manpower 
adequacy. Instead, I am going to dis 
cuss the larger aspect of our need. 

Sound National Defense Needed 

Of first importance today is the erea- 
tion of a sound national defense that 
will protect us and the other free na- 
tions of the world from the spread of ag- 
gression by Communist countries. With- 
out the United States the rest of the 
world is doomed. Europe is too weak 
from the last war to resist. Asia has no 
defenses worth mentioning, nor has 
South America. 

What do we have that makes us so 
sure of ourselves? It isn’t our natural 
resources of metals, fuels, forest, soil and 
water, for the opposition has these in 
abundance and, as we deplete our own 
reserves, we find ourselves more and more 
dependent on others. 

Nor is it our population of one hundred 
and fifty million people. The nations 
within the Russian orbit greatly out- 
number in population the peoples of the 
free nations. 

We Excel in Productivity 

Our physical superiority lies in our 
creative and productive abilities—broadly 
in the field of engineering. 

The United States has two things 
which have defied competition from the 
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rest of the world—two things which we 
call by different names but which are as 
inseparable as Siamese twins. I refer to 
our worker productivity and to our stand- 
ard of living. Without a high produc- 
tivity there could be no high standard 
of living and without the latter there 
would be no reason or exeuse for the 
former. 

However, this ean be no hare and tor- 
toise race. Once you are out in front you 
must stay in the lead. With the man- 
power and the resources that the Rus- 
sian controlled countries have, any time 
they get in front they win the race. Not 
only must we stay in front but by the 
same relative margin, in order to make 
up for any superiority in numbers and 
natural resources they have. 


Russia Respects U. S. Production 


Russia has a great respect for this 
margin. For some time she has been 
testing it anew to find out the actual 
superiority of productivity over sheer 
numbers. At one time this year the re- 
ported losses in Korea gave the ratio as 
100 to 1. Perhaps Russia will try out 
other combinations to learn whether or 
not there is a ratio that will warrant an 
all out war on her part. What that is, 
of course, I do not know but I am con- 
fident that today we have the superiority 
that will win if a showdown becomes nec- 
essary. Our problem from here on is 
to keep that winning superiority and 
enough besides to remove the threat of 
war. 

Productivity is the job of getting more 
with what you have. It means better 
methods, better machines, substitute ma- 
terials to take the place of those in short 
supply, reduction of waste and the appli- 
cation of scientific discovery. And while 
we are finding out how to make better 
use of what we have, we are making more 
of it available for the expenditure of an 
hour of labor. 

Productivity is the foundation on 
which our national defense rests. It is 
the basis for our American standard of 
living. It is the only way in which in- 


flation can be kept in check. The engi- 
neer is the man to whom we must look 
for the techniques, the methods, the 
know-how. 

Engineering Needs Broad Thinkers 

That is a big job and it is getting 
bigger all the time. For that reason 
men are needed who have a breadth of 
concept and who ean think and think 
big. 

Engineering basically is the applica- 
tion of scientific knowledge. Engineer- 
ing, however, because it lives in the realm 
of practicality, does not and cannot have 
the exactness of science. 

Engineering for industry of necessity 
is a compromise. For the most part our 
problems involve the weighing of a great 
many factors and conditions. If it were 
possible to have a single answer then our 
engineering problem would be simple 
because then we could design a computer 
to do all of our engineering work. 

Seldom is there one and only one cor- 
rect answer. As a rule there is a choice 
of directions to take and it is even possi- 
ble at times to have solutions that appear 
to be almost 180 degrees apart. Because 
this is the ease industry wants men who 
are broad enough in their thinking to see 
all the possibilities and sound enough in 
their judgment to give them their proper 
weight. 

For years engineering school facul- 
ties have asked industry what it wanted 
in the educational program. It has been 
a sincere search and just as sincerely in- 
dustry has said to train the boys in the 
fundamentals. Industry still says this, 
but I am not at all sure that industry has 
made it clear, or that our engineering 
schools have always understood what was 
meant by fundamentals. 

Balanced Curriculums Offered 

Too often, I am afraid, this has been 
taken to mean the mathematies and sci- 
entific principles of the particular brand 
of engineering. Such a narrow inter- 
pretation gives rigidity to instruction and 
restricts the student’s thinking at a time 
when he should be expanding his outlook. 
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Of course, not all schools hold to the 
narrow interpretation. The more pro- 
gressive ones have shown an understand- 
ing of the needs of men who will go into 
industry by offering them a balanced ecur- 
riculum. 

I have heard it said, as I am sure you 
you have, that there is a noticeable tend- 
eney among engineers to become intro- 
verts. As an example of this tendency, 
it is pointed out that engineers frater- 
nize more with other engineers and are 
more shy with other members of the pub 
lic. How much of this there is I do not 
know, but there is enough at least to have 
made it noticeable. 

It would be difficult for me to believe 
that engineering attracted introverts, but 
I can understand how men who have not 
had a broad education, and who, by the 
very nature of their work, are not forced 
to have many publie contacts, can have 
somewhat restricted social interests. This 
to me does not signify any inferiority 
complex as attaching to the profession 
but rather reliance for social contacts in 
a narrow area of compatibility. 

Men in other professions such as law, 
medicine, and the ministry, are, by the 
very nature of their work, thrown con- 
stantly into close personal contact with 
lay people. Their interests have to be 
those of the people they work with and 
for. Engineers, on the other hand, are 
not so often required to sit down with 
lay people. That they fraternize more 
with birds of the same feather is under- 
standable, particularly if their education 
was restricted to a narrow interpretation 
of fundamentals. 


Stimulate Outside Interests 


Industry would be much better served 
by engineers who have the interest to 
grow outside the boundaries of their pro- 
fession. Stimulation of this interest, of 
course, can and does take place fre- 
quently after the men have left school 
and are on the job. It seems to me, 
though, that more could be gained by 
orientation in the early years of school- 
ing. The idea is not new but, I am 


137 


afraid, the practice is too often perfune- 
tory, especially if the sessions are con- 
ducted by someone who knows the words 
but not the music. 

Those of us who have had a diversi- 
fied experience in industry can see a 
great many opportunities for engineers. 
How much better it would be if engi- 
neering students saw these in their early 
undergraduate years so they could make 
better choices in their electives. Can it 
be that the declining enrollment in engi- 
neering schools is a reflection of a grow- 
ing publie feeling that engineering of 
fers less opportunity than other oceu- 
pations? 


Engineering Offers Many Opportunities 


The thing about engineering is 
that it does have so many opportunities, 
more opportunities as a rule than there 
are experienced men to fill them. My 
company, for instance, is a large em- 
ployer of engineers but we are constantly 
hard find manage- 
ment for our expanding produc- 
tion facilities. This year we expect to 
start construction or put into operation 
new factories in nearly a dozen different 
places. Not only does our industrial re- 
lations department keep close watch on 
men of promise within the company but 
it refuses to permit men who are ready 
for larger responsibility to be held back 
by supervisors who are reluctant to give 
them up. Nevertheless, it is not easy to 
find the kind of want for the 
more important jobs. 

The men we want most are those who 
have a deep respect for hard, honest work 
and an abiding faith in the justice of the 
rewards that come from such work. We 
need young men who have a mature out- 
look with occupational in- 
tegrity and a realization that they are no 
longer children who have a right to be 
cared for, but are now men who must be 
worthy of their hire. We want men 
capable of growing and becoming leaders. 
We want men who ean adjust themselves 
to changing conditions 
vision. We want men 


nice 


pressed to enough 


men 


men we 


respect to 


without losing 


who. are flexible 
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enough to accept new ideas, yet so rigid 
in their principles that they will not 
shirk responsibility or lose any of their 
incentive to reach their goals. 


Important Fundamentals 


Here are some fundamentals, it seems 
to me, that are just as important as the 
basic theory of electricity or an under- 
standing of differential equations. 

As you ean see, we are looking for en- 
gineers who can grow and we expect to 
get them. By no means are we as dis- 
couraged as a friend of mine who, after 
discussing industry’s needs all one after- 
noon, was asked by a college president 
what the colleges could do differently. 
His reply was, “well at least you can 
teach them to read and write.” 

Maybe that was a little harsh, but I 
can say “Amen” to the writing part and 
add speaking, as well. It does not do a 
man much good to have ideas if he can- 
not make somebody else understand what 
is in his mind. Until thought trans- 
ference, or mental telepathy is perfected, 
I am afraid we must rely on the normal 
means of communication. 

Engineering manpower for industry, 
as I have tried to show, is not a subject 
that can be diseussed entirely quanti- 
tively. There is a quality angle as well. 


Quality Deficiency 


A quantity deficiency is no more seri- 
ous than a shortage of some critical mate- 
rials. Ways will be found to use what 
we have more effectively. Supply will 
be increased wherever possible and sub- 
stitutes will be sought. A deficiency in 
supply of men qualified to grow into im- 
portant positions is a much more serious 
matter and one that should concern us 
not only for the moment, but for the 
future. Surveys have been made of the 
number of men graduating from engi- 
neering schools each year and the num- 
ber still to graduate. Do we know nearly 
as well how many engineers are needed? 

What is normal? Are our schools 


geared for that figure or are they geared 
to carry a peak load? Is it, for financial 


reasons, a temptation to take in all the 
students that can be accommodated with- 
out thought for the employment oppor- 
tunities for graduates? 

When colleges take in too many for the 
demand, the pay drops and until fairly 
recently, engineers as a whole were not 
well paid. When the supply is more 
than adequate more men get pushed into 
blind corners where opportunity ceases 
to exist. Too many engineers make em- 
ployers careless of their use. 


Fewer Graduates 


Right now, and for several years, the 
number of men graduating from engi- 
neering schools will be considerably less 
than before. In numbers they appar- 
ently will not be enough and something 
else must be done to make up the de- 
ficiency. The concern of industry will 
be whether the classes of the next few 
years will make up in quality what they 
will lack in quantity. 

With fewer students the engineering 
schools should be able to give more at- 
tention to the individual and perhaps 
more time to counsel with him, and in- 
spire him. 

It is true that with very small classes 

almost anybody who graduates can get 
a job. It is equally true, however, that 
should such conditions last more than a 
year or two, as it appears they will, the 
need for especially well-trained men will 
be greater than ever. 
Emergency caused manpower short- 
ages, such as we have today, can be 
solved by emergeney measures, whether 
it be mechanics or engineers. Shortages 
which spring from other causes should be 
studied to find out why they exist and 
measures taken to remove the causes. 

Only let us be sure, before we start 
building back too far, we know how many 
are needed. Let us be sure we know 
what the men are being trained for and 
that the work cannot be done as well or 
better by someone who has not had a 
formal education. 

In other words, let us know what we 
are doing from here on in, and why. 
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The Point 4 Program: A Challenge 
to Engineering * 


By DR. HENRY G. BENNETT 


Administrator, Technical Cooperation Administration, Department of State 
President, Oklahoma A. & M. College 


I am grateful for the opportunity to 
meet with the members of this society 
beeause you represent a field of endeavor 
which is of vital importance to progress 
in our nation and the rest of the free 
world. I am also grateful for the chance to 
visit with my friend and colleague, Presi- 
dent Hannah, who as most of you know, 
is a member of President Truman’s ad- 
visory board on the Point 4 program. 
Tonight I want to talk with you about 
the Point 4 program, which I have the 
honor to serve. 

In seven months I have discovered 
some remarkable things about the Point 
4 program. One is that almost every- 
body seems to like the idea of the pro- 
gram even if he doesn’t know much about 
the details. Another is that practically 
everybody who gets to know about Point 
4—wants to do something to make it a 
success. 

I suspect this society is interested in 
the Point 4 program and that you are 
going to want to do something about help- 
ing it along. Otherwise you would not 
have invited me here this evening. At 
any rate, I am proceeding on that as- 
sumption. All you are going to hear 
from me tonight is talk about Point 4 
and the role that engineering and engi- 
neering education can play in spreading 
its effectiveness. 

Because of my work in the Point 4 pro- 
gram, I am particularly aware these days 
of the importance of engineering and 

* Presented at the Annual banquet of 
the ASEE, East Lansing, Michigan, June 
28, 1951. 
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engineering education in promoting the 
economic welfare of people everywhere. 
I say particularly aware because under 


ordinary circumstances I may go for 


days without giving engineering a 
thought. And that is in spite of the 


fact that as an old Oklahcma dirt farmer 
I have had oceasion to brush against 
several fields of engineering—soil engi- 
neering, chemical engineering, agricul- 
tural engineering, food engineering, as 


well as the civil and mechanical fields 
most people think of as engineering. 


For the fact remains that many of us 
do not: stop to think about engineers or 
engineering until we see a bridge being 
built to span a great river or a super- 
highway being cut through a mountain. 

We in the Point 4 program are con- 
stantly being reminded of the vital role 
that engineering plays in modern life 
because of the sharp contrasts we see 
between life in America and life in the 
places where the Point 4 program fune- 
tions, the so-called underdeveloped areas 
of the world. 


Close to the People 


We now have more than 400 technicians 
working in some 30 countries in Latin 
America, Africa, the Middle East and 
Asia on Point 4 projects. These tech- 
niclans work with government officials 
who may be either popularly elected or 
hereditary monarchs and on a grass roots 
level with plain citizens in cities and on 
farms. The work of our technicians is 
mainly in cooperative efforts to teach 
people to raise food production, to wipe 
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out disease and to improve and expand 
their educational systems. But Point 4 
workers are engaged, also, in advising 
governments on how to modernize their 
administration and services, in advising 
on programs of general economic devel- 
opment involving the construction of 
power plants and irrigation systems, and 
in the establishment and efficient op- 
eration of new industries and the moderni- 
zation of old ones. 

These Point 4 technicians are engaged 
in demonstrating and teaching techni- 
val skills rather than in spending money 
for capital investment. They are not 
building publie works with American 
taxpayers’ money. Rather they are ad- 
vising foreign governments on the proper 

yay to build public works financed with 
local capital or loans from _ outside 
sources. 

But regardless of the particular proj- 
ect a particular technician may be en- 
gaged in, he is likely to be dealing at 
least part of the time with problems in- 
volving engineering. 

In the United States just about every- 
thing we see, touch or taste in our every- 
day life is the product of some kind of 
engineering skill. Pasteurized milk is 
an old example but concentrated milk is 
new. Rayon is relatively old but orlon 
and dacron are comparatively recent. 
Automobiles and airplanes are familiar 
means of transport but automatic trans- 
missions and jet engines are new. Radio 
and motion pictures are taken for 
granted, but color television is only be- 
ginning. All these things, however, the 
old versions and the new, are the prod- 
ucts of research on which engineering 
has been applied to bring them to mul- 
titudes of consumers at reasonable prices. 

The contrast is astounding when we 
turn to the underdeveloped areas. 


Toward Self-Sufficiency 


For example, a few years ago Panama 
wanted to increase rice production. One 
of our technicians went down there—this 
was before technical cooperation became 


an official arm of U. S. foreign policy o1 
a world-wide scale—and found that be 
cause the Panamanian farmer used an 
cient methods of cultivation he could 
not possibly take care of more than 214 
acres of rice a year. Our man showed 
the farmer how to use certain kinds of 
equipment and he was soon cultivating as 
much as 50 aeres single-handed. Now 
Panama is self-sufficient in rice produe- 
tion and we have a new market for 
farm equipment. 

Our people looked over the economic 
problems of Iraq. They found that the 
Tigris and Euphrates Rivers rage un- 
checked in flood season and fall to a 
comparative trickle in the dry season. 
The result is that 7,000,000 acres of land 
are useless for agriculture and that an 
area of equal size is not as productive 
as it should be. We are sending engi- 
neers to Iraq to advise on flood control 
and irrigation works construction. 

I’ve been struck by some of the things 
I’ve seen myself. In Ethiopia I found 
topsoil 12 feet deep. That country could 
produce enough food to supply all the 
people of Europe. That is if its farm- 
ing and farm processing were modernized 
and if it had roads and harbors so that 
its production could be taken to market 
—all engineering problems in greater or 
lesser degree. 

In general I can say that engineering 
and engineering education have been 
lagging in underdeveloped countries. 
We find wonderful examples of scien- 
tifie research which are useless because 
the engineering knowledge is lacking so 
that they can be widely and economically 
applied. Here a plant scientist has de- 
veloped an excellent new strain of wheat: 
high-yielding, disease resistant, hardy in 
dry soil. But there is no way for the 
farmer to take advantage of it. It is as 
if Fleming discovered penicillin but peo- 
ple kept dying of disease because there 
was no engineering skill to produce the 
drug in large quantity and at low cost 
so that the majority of people could 
make use of it. 
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So the fact is that lack of engineering 
skill and knowledge is one of the rea- 
sons why the average income in under- 
developed areas is one-tenth or less of 
ours, why millions live between mal- 
nutrition and actual starvation, why two 
persons out of every three suffer from 
malaria or some other preventable disease. 

The fact is that engineering is one of 
the supporting pillars of our own pros- 
perity and that it is one of the absolute 
essentials for swift and: sound economic 
progress in underdeveloped areas. 


Great Need for Engineers 


What we need now and are going to 
need more each year is a corps of engi- 
neers trained in all branches of the pro- 
fession who can put their skills into 
practice in foreign lands, and more than 
that, who can teach their skills to the 
people of foreign lands. We need and 
will inereasingly need people who are 
both engineers and edueators. It is be- 
‘ause this need exists that I am particu- 
larly happy to be talking to you tonight. 
I hope you will put this problem of in- 
creasing engineering knowledge and edu- 
cation in the underdeveloped areas of 
the world on your list of important 
things to be done. 

The more we study the problems of 
underdeveloped areas the more we realize 
that the gap between their standards of 
life and ours is mainly a gap in engi- 
neering skills. The Point 4 program is 
designed to bridge that gap by making 
some of our knowledge and skill avail- 
able to other people. And I am pleased 
to be able to tell you about some experi- 
ences which prove that this process is 
effective and that it is relatively low in 
cost. 

For example, Civil Engineering: One 
of the major handicaps of the under- 
developed countries is lack of transpor- 
tation and communications. Take Africa 
as an example—a continent more than 
5400 miles from north to south and 4500 
miles from east to west, with no through 
routes, either railroads or highways, for 


transporting people or merchandise. In 
fact, there are few miles of railroads or 
reliable highways on the whole continent. 
The same problem exists in many parts 
of Latin America and Asia. In some 
areas, the wheel is still unknown. Yet 
the building of roads is possibly the 
greatest single means of opening up new 
regions to development and quickening 
the economic life of a people. 


Assist in Planning Roads 


Under Point 4, we are sending engi- 
neers of the Bureau of Public Roads to 
countries that ask for technical help in 
solving their transportation problems. 
Often, their surveying and _ planning 
paves the way for private American en- 
gineering firms to build roads under 
contract. We hope that the services of 
private companies will be increasingly 
in demand as our Point 4 technicians 
point up the need of building roads and 
show how it can be done. 

In Bolivia there is a great potential 
food producing region larger than Texas 
lving east of the high Andes. Ameri- 
can agricultural technicians are work- 
ing with the Bolivians to solve the tech- 
nical problems of growing food, raising 
cattle and cutting timber under humid, 
tropical conditions. But probably the 
real key to the situation is transportation 
to get the food from the fertile lowlands 
to the food-deficient high plains of the 
Andes, where the majority of the Bolivian 
population is concentrated. A highway 
is now being built by American contrac- 
tors to connect with a railroad leading 
to the capital. The Bolivian government 
is paying for this, partly with its own 
funds and partly with a loan from the 
Export-Import Bank. 

Aeronautical Engineering: Many of 
these countries, although still needing 
railroads and highways for bulk trans- 
portation, have leaped into the air age 
while still depending mainly on the ox 
cart. In some countries, the airplane is 
the only means of cross-country travel. 
They need new, improved airports and 
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all the services that go with air transpor- 
tation. Aeronautical engineering itself, 
with its constant improvement of plane 
design and performance, will continue 
to contribute to the economic develop- 
ment of these countries. 

Nautical Engineering: Some under- 
developed areas possess extensive water 
highways—great river systems like the 
Amazon, which could accommodate far 
more shipping than is now using these 
waters. This situation, it seems to me, 
is a challenge to nautical engineering. 
There must be ways, yet undiscovered 
for designing craft for more economical 
and efficient operation in areas where 
waterways are the main arteries of travel 
and trade. 


Harbors and Docks 


Harbor development and dock facili- 
ties are also among the urgent needs of 
many countries that want to expand 
their foreign trade. When I was in 
Eeuador recently, the Government there 
requested the assistance of American en- 
gineers in developing plans for opening 
up the port of Guayaquil to ocean ship- 
ing, so that large ships could take on and 
discharge eargo there, instead of having 
to stop some distance down the river 
and use lighters, as at present. We 
promptly sent an experienced American 
engineer to look into the possibilities of 
that project. 

Our records are filled with examples 
of amazing results achieved by Ameri- 
ean sanitary engineers working abroad. 
The water supply and sewage systems 
they have planned and supervised in 
communities in Brazil, Mexico, Chile and 
other countries have brought a dramatie 
drop in typhoid and dysentery. The 
draining of swamps, coupled with the 
application of insecticides and other 
measures, has brought an equally dra- 
matic reduction in the incidence of ma- 
laria, the scourge of the tropics. 

Geological and Mining Engineering: 
We all know that one of man’s great 
sources of real wealth is the minerals 
brought out of the ground. Yet probably 


half the world has never had a thorough 
geological survey with modern methods. 
Most people consider Africa a poor con- 
tinent, without stopping to think of the 
gold, diamonds and other treasures taken 
from African mines. 


More Precious than Gold 


Yet today precious metals and gems 
are not the most valuable materials we 
get from the earth. In the aggregate, the 
oil and coal extracted every year are 
worth far more than the gold and dia- 
monds. One of the greatest needs of 
many countries is to find and use sources 
of economical fuel. The baser metals, 
including iron ore, are essential to eco- 
nomic development. Nor are metals and 
fuels all we need. I was told recently 
in Bolivia, where fortunes in gold, silver, 
tin and other minerals have been mined, 
that the government would like to have 
a geological survey in the hope of finding, 
among other things, phosphate and lime 
that would help the country produce 
enough food. 

Under Point 4, we have geologists in 
twelve countries of Latin America, Africa 
and Asia helping to make inventories of 
mineral wealth and ground water sup- 
plies. In some instances, our mining 
engineers are helping work out more eco- 
nomical and efficient extraction methods. 
American geologists working with Bra- 
zilian geologists have scientifically eon- 
firmed the existence of rich magnanese 
deposits, with the result that American 
steel companies are going into partner- 
ship with Brazilian capital to develop 
these deposits. I am convineed that un- 
known treasures remain to be discov- 
ered and mined in Africa, Latin Amer- 
ica and other parts of the world, and that 
our geological and mining engineers can 
help the people of those countries find 
and develop vast new sources of wealth. 

Electrical Engineering: Many coun- 
tries without coal or oil have another 
great source of energy—water power. 
Civilization really begins with the har- 
nessing of heat energy for the work of 
man. Human slavery has been elimi- 











nal 
oth 
ene 
abl 
mu 
ma 
wa 
am 
sal 
oth 
ele 
oul 
of 


de 
Af 


gre 


riv 
tri 
me 
po 
en; 
col 
th: 


of 

fie! 
ey 
ral 
an 
Th 
ou 
tiv 
ha 
tel 
th: 
ar 
Wa 


bei 


du 
ge 
Af 
Wa 
ste 
an 
SO) 
pr 








POINT 4 PROGRAM: A CHALLENGE TO ENGINEERING 143 


nated largely because man has found 
other and far more efficient sources of 
energy—mechanical power that has en- 
abled our own people in this country to 
multiply their own physical strength 
many times over. Our coal, oil and 
waterpower have made possible our 
amazing industrial development, and the 
same is true of Britain, Germany and 
other industrialized nations. And rural 
electrification has done more to increase 
our agricultural production than many 
of us realize. 

The same thing can be done in the less 
developed countries. We know that 
Africa, for example, has some of the 
greatest unused water-power in the world 
—in the Nile, the Zambesi and other 
rivers. The same is true of many coun- 
tries in Latin America. In the develop- 
ment and utilization of hydroelectric 
power, America can furnish much of the 
engineering knowledge to provide other 
countries with the mechanical energy 
that is essential for their progress. 

Agricultural Engineering: Hlere is one 
of the most varied and most promising 
fields of all. Most of the underdeveloped 
countries are in the tropics, where the 
rain falls in torrents in some seasons 
and there is drought in other seasons. 
The hot sun rapidly leaches the nutrients 
out of the soil. When we clear and eul- 
tivate the land under these conditions, we 
have to protect it with dams, catchments, 
terracing, cover crops and other methods 
that are well-known. 
are necessary to keep the top soil from 
washing away and the plant food from 
being lost. 


These measures 


Water is Pressing Need 

The major limiting factor on food pro- 
duction and economic development in 
general in the semi-arid-areas of North 
Africa and the Near East is lack of 
water. The people of that area need to 
store up the water in the rainy season 
and use it for irrigation in the dry sea- 
son. The Romans largely solved that 
problem 2000 years ago. All through 


North Africa and the Middle East, we 
find the remnants of the dams, reser- 
voirs and canals which in Roman times 
enabled that area to support much larger 
populations that can exist there today. 
We recently made a contract with the 
American engineering firm of Knappen, 
Tibbetts and Abbott to go into Jordan 
and show the people how to restore and 
expand these old Roman works so that 
they will have enough water. The same 
thing can be done in other countries of 
that area. It is not a costly process, be 
cause most of the work can be done by 
the people themselves, with local ma 
terials. 

I want to explain that Point 4 is not 
in the business of building or financing 
large-scale projects in other countries. 
We help with the planning and technical 
direction, but the cost of construction 
must be borne by the other country with 
its own money, with help from private 
investors or with loans from interna- 
Many ot these 


financed on a_ self- 


tional lending agencies. 
projects can be 
liquidating basis. At any rate, the cost 
need not fall on the American taxpayer. 

For the last eight or nine years, Ameri- 
can agricultural technicians, including 
engineers, have been cooperating with 
Peru in a joint service under the able 
leadership of Jack Neale of the Institute 
of Inter-American Affairs. I want to 
tell you about just one ot the things that 
have been done. 

Along the coast of Peru, as you know, 
is a strip of desert, caused by unusual 
climatie conditions. There is no vegeta 
tion except where the few rivers run 
from the mountains into the sea, and 
sometimes even these dry up. One such 
river is the Piura, in northern Peru. In 
normal years the farmers in the Piura 
valley grow the only crop of long-staple 
Pima cotton in Peru. It sells at a pre- 
mium and ordinarily brings in about 
$8,000,000 a year. But for the last 
three years the river has practically dried 
up. The loss in the cotton crop is con- 
servatively estimated at $15,000,000. 





I44 POINT 4 PROGRAM: A CHALLENGE TO ENGINEERING 


Find Way to Join Rivers 


Nearby is another river that does not 
dry up. Agricultural engineers of the 
joint service made studies that showed 
that the waters of the constantly-flowing 
river could be diverted to the Piura. 
This would not only assure a cotton 
crop every year, but also add another 
50,000 acres to the 75,000 now under cul- 
tivation. As a result of those studies, 
the Peruvian government is now con- 
sidering contracting with an American 
engineering firm to construct a_ short 
tunnel to save the cotton farmers. 

Even more important than bringing 
new land under cultivation, however, is 
the multitude of little things which, re- 
peated by large numbers of farmers, are 
increasing production on the land al- 
ready in use. These are simple things. 
In some eases, it means designing a suit- 
able steel plow to replace or supplement 
an inefficient wooden plow. It means in- 
troducing a little better cultivating or 
threshing implement. We need engi- 
neers with the vision and the ability to 
work out and adapt these simple im- 
provements that the people themselves 
‘an apply with their own resources. 

Food Engineering: In most under- 
developed areas, harvest time is feast 
time; the rest of the year is hungry time. 
The people have no way of conserving 
food in order to tide them over to the 
next harvest. In the United States, we 
probably lose ten per cent of our agri- 
cultural products through spoilage, in- 
sect infestation and waste. In some 
countries, the loss must be 25 per cent 
or more. In Africa I have seen millions 
of cattle, and not a packing plant. 

In parts of Costa Rica the farmers can 
produce two crops of corn a year, but 
the rainfall is so heavy that the grain 
sprouts on the stalk, and much of what 
is harvested is ruined by mold and in- 
sects. Point 4 technicians there showed 
the farmers how to build a simple corn 
drier, which resulted almost immediately 
in better prices for corn and an increase 
in production. An expert in milling was 


brought from Kansas for a few months, 
and as a result of his technical advice, an 
agency of the Costa Rican government 
has built modern grain elevators, a quick- 
freeze plant and cold storage facilities 
with its own funds. In Peru, a fisheries 
expert from our Department of Interior 
is helping the fishermen increase their 
eatch. Another American agricultural 
engineer has helped construct a cold stor- 
age plant in Lima that will assure the 
people a constant supply of fish at rea- 
sonable cost. 

Chemical Engineering: Closely related 
to food engineering is chemical engi- 
neering, with the contributions it has 
made to the food industry. Chemical 
engineers can make many valuable con- 
tributions to the progress of other peo- 
ples. The insecticides, weed-killers and 
the like already in use in our own coun- 
try, if applied and adapted for use in 
other areas, can increase the produc- 
tion and utilization of food. I under- 
stand that there is a shortage of wood 
pulp and other material for cellulose 
products in the industrial nations. Yet 
in the tropical regions are wide stretches 
of forests waiting to supply the demand. 


Purifying Sea Water 


One of the most intriguing possibili- 
ties of all is that chemists will devise an 
economical efficient way to purify sea 
water by removing the salts, and make 
that limitless source of water available 
for irrigating desert places like the 
Sahara and the west coast of South 
America. Two things are needed to make 
this dream a reality: first, practical 
processes for purifying the water in 
large volume and, second, cheap power, 
possibly from atomie energy or solar 
energy. We must look to engineering 
for both answers. 

Industrial Engineering: An increase in 
agricultural production naturally leads to 
industrial development. But it is a step 
by step process—little industries that 
eventually lead to big industries. As 
the people learn to produce more food 
and as surplus food production frees 
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labor from the field, raw materials for 
small industries become available, along 
with the labor to process them. 

This is a gap that needs to be closed in 
most of the rural countries. I referred 
to the millions of cattle I saw in Africa, 
without packing plants to process and 
preserve the meat, the hides and_ by- 
products. The people there, and in com- 
parable areas, don’t need large, expensive 
factories. They need a little local pack 
ing plant, a little local shoe factory, a 
little local textile mill. They don’t need 
vast amounts of capital from outside. 
They need to know how to use their own 
capital, their own raw materials, their 
own resources, to produce for their own 
vast internal markets. An American 
technician in Bolivia reports that Bo- 
livians have asked him how they might 
profitably and safely invest a million 
dollars in local enterprises. There is a 
job—an almost limitless job—for Ameri- 
can industrial engineering in the other 
regions of the earth. 

Architectural Engineering: A house, 01 
a hospital, or a factory, is not just four 
walls and a roof. It is a product of 
engineering that plans and constructs 
each buiding to serve a particular pur 
pose. The underdeveloped countries need 
the techniques of American designers and 
structural engineers. They need the ad- 
vice of our housing experts. And it isn’t 
just a question of exporting our own de- 
signs and techniques. We have got to 
use imagination and ingenuity in the 
use of local materials to meet local 
economic, climatic and social eonditions 
that vary widely from country to country. 
In some countries the best material for 
housing is bamboo, in others rammed 
earth may be the best answer, in still 
others, tile from local clays. 

I think these examples cover enough 
ground to show that it is practical to 
try to fill the breach in engineering 
knowledge in foreign countries and that, 
as I said, the cost of applying technical 
knowledge to foreign problems is very 
small considering the progress that re- 
sults. 


Strategic Need for Technicians 

The point I would like to emphasize 
again to this audienee is that we must 
(lo more than merely send our technicians 
into foreign countries to supervise engi 
neering projects. In the first place we 
do not have enough technical men to do 
the economie development job that needs 
to be done as fast as it needs to be done. 
In the second place we are interested in 
having foreign peoples learn to do their 
own engineering. It will not be enough 
merely to provide the technical advice to 
set up one irrigation system; we want 
people to be able to build their own. 
So we must do all we ean to expand the 
corps of trained engineers in under 
developed areas. 

Further we must be imaginative about 
spreading engineering knowledge and en 
gineering education. We need an imagi 
native, pioneering approach. The stress 
that a steel girder of given size will 
stand is standard but 
neering problems often are not identical 
with engineering problems in Afriea, 
Asia and Latin America. So we must 
cooperate with foreign peoples in devel 
oping Afriean, Asian and Latin Ameri 
ean engineering, using our basie knowl- 


American engi 


edge as the foundation and our imagi 
nations to solve particular kinds of 
problems the quickest, cheapest and vet 
most effective way. 

I think this 
equipped by experience and purpose to 
help in this process of spreading engi 
neering knowledge and encouraging engi 
neering training. 
with us to that end. I have no point-by 
point program to propose to you. I am 
merely outlining a problem whose nature 
will undoubtedly suggest solutions to you 
if you ean spare the time to think seri- 
ously about it. 

I hope you will be as enthusiastic 
about solving this problem as I am be 
cause I thing the challenge of Point 4 
to American engineering is one of the 
most exciting things that has ever hap- 
pended to a romantic, though largely 
unsung, profession. 


society is especial V 


I hope you will work 





Judging the Effectiveness of Teaching Aids* 


By CARL W. MUHLENBRUCH 


Associate Professor of Civil Engineering, Northwestern Technological Institute, Chairman, 
ASEE Committee on Teaching Aids 


_ After the symposium on teaching aids 
at the annual meeting of ASEE at Rens- 
selaer in 1949, the author overheard an 
individual remark, “TI still think the best 
teaching aid is a piece of chalk.” This 
individual was engaged in conversation 
and shown some of the teaching devices 
on display, with special reference to the 
unusual opportunities which they pre- 
sented to the instructor and the student. 
The skeptic was apparently convineed. It 
was with a great deal of pleasure that he 
informed me at Seattle last year that he 
had carefully considered the matter and 
had decided to revise his teaching pro- 
cedure considerably. This chap is now 
using colored chalk! 

Here is one extreme in a field in which 
the middle ground is vast indeed. By 
contrast, there is one school which is 
considering having several question-ask- 
ing machines loeated in the corridors. 
Each of these machines will have ap- 
proximately 600 questions contained in 
its “brain.” These will cover a great 
range of the core subjects in engineering. 
The student will. place an identification 
card in the machine and attempt to an- 
swer the questions as they are presented 
to him by the mechanical gadget. At the 
end of a specified number of questions 
the machine will shut itself off, grade the 
student, record the date, the number of 
the machine, the sequence of question 
numbers, and the percentile score. 


* Presented before the Division of Engi- 
neering Drawing at the Annual Meeting of 
the ASEE, East Lansing, Michigan, June 


25, 1951. 


Some place in the middle ground be- 
tween these two extremes there is a teach- 
ing aid which ean properly be used by an 
engineering teacher for some particular 
subject. It is the purpose of this paper 
to examine this middle ground by look- 
ing at the following points: 


1. Types of teaching aids 

2. Some advantages and disadvantages 
of teaching aids 

3. What can be used as a yard stick for 
evaluating a teaching aid for a par- 
ticular instructor and course 

4. The cost of producing teaching aids 
in the engineering college 

5. The difficulties of using teaching 
aids, particularly the motion picture 
and slide type, in rooms not adapted 
for the purpose 

6. The work of the Teaching Aids 
Committee of ASEE in reviewing 
and cataloging teaching aids 


First it will be necessary to define the 
basic function of the teacher. In this pa- 
per it will be assumed that the principal 
job of the teacher is to provide, by means 
of his presentation, a high order of in- 
terest quotient which will get the student 
to learn. The term “teacher” is thus 
somewhat of a misnomer since the stu- 
dent must actually teach himself if he is 
to learn in the full sense of the word. 
The best way an engineering instructor 
can motivate his students to learn is by 
presenting the material in a way that will 
arouse the students’ curiosity so that they 
will learn and thus gain understanding. 
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Types of Teaching Atds 


The entire field of teaching aids was 
summarized at the 1948 annual meeting 
of ASEE by Professor W. J. King in a 
paper titled “Industry-College Coopera 
tion in Developing Teaching Aids.” +t In 
this paper Professor King listed fourteen 
different teaching aids under the general 
classifications of full-scale models, small 
scale models, cut-away samples, small 
parts and mechanisms, laboratory appa 
ratus, industrial displays, pictorial dis 
plays, catalogs, lantern slides, and talks 
by outstanding leaders of industry. 
Breakdowns of each of Professor King’s 
classifications ean be made and others 
ean be added. This paper refers to all 
types of teaching aids except lectures by 
practicing engineers. 


Some Advantages and Disadvantages of 
Teaching Aids 


Proponents of teaching aids have often 
been convicted of being gadgeteers who 
let their hobbies run away with them. In 
some cases this is undoubtedly true, but 
certainly not in all eases. The aceusa 
tion, however, must be considered. It 
brings up a very important consideration 
that every teacher must keep in mind 
when he judges the worth of any teaching 
aid for his own use: the device should not 
be a terminal point in itself. It must set 
the mental stage for the student by moti- 
vating him through interest or curiosity 
to go on to a full understanding by the 
working of problems. The device may 
even be of such a type that the student 
can actually use it to pose and solve 
problems. In the case of a motion pie- 
ture of a turbine, for example, the stu- 
dent could be shown how the turbine is 
assembled, how it operates, and how some 
variables influence its operation. The use 
of the film should not be limited to this 
point insofar as teaching is concerned. 
The student should be given problems 
which bring out some of the points pre- 

+ See October, 1948, issue of the JouRNAL 
OF ENGINEERING Epucation, Vol. 39-2, pp. 
90-94. 


sented in the film and should be made to 
solve these problems within a few minutes 
after the film is shown. An excellent idea 
in films for engineering teaching would 
be to have the film itself wind up with a 
question mark by posing a problem which 
the student would then solve. A most un 
fortunate circumstance is the use of a de- 
viee which can be carried to the elass 
room, demonstrated by the instruetor to 
the amusement and possible edification 
of the student and then put back in its 
case and, with a smug smile, carried out 
of the classroom. Such a device could of 
course do a job of motivation, but the 
real true follow-through in the learning 
process will come by having the student 
solve problems for complete understand 
ing. Therefore, a teaching aid that ean 
be used by the student to pose and solve 
a problem is, in the author’s opinion, the 
ideal one. 

On the credit side of the ledger, teach- 
ing aids are very helpful in undoing in- 
correct ideas that have become firmly 
rooted in the mind of the student. They 
can be used to build carefully on a few 
fundamentals by a process which can al- 
ways be repeated (as in the screening of 
a film, for example) and can be improved 
from time to time. Many teachers are 
aware that the illustrations in textbooks 
are often actually misleading to students. 
The average engineering student will 
look at sueh an illustration and see the 
complete finished product but is unable 
to strip it down to its fundamentals or 
to read the text and follow the manner 
in which the chart was developed. Of 
course the teacher in working at the 
board presents the material in the cor- 
rect way since he starts with a blank 
board and through oral and visual pres- 
entation develops the entire diagram. 
This is the way in which it ean be done 
in the film, very often in a time saving 
way. It is up to the teacher to decide 
just when the saving of time should stop 
and therefore just which diagrams should 
be presented slowly and apparently la- 
boriously, but still effectually, at the 
board and which should be presented in 
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animated form in movies or perhaps by 
slides. It is reasonable to assume that a 
few diagrams presented slowly and care- 
fully in motion picture form would make 
for much faster and more complete un- 
derstanding of subsequent diagrams pre- 
sented in their entirety. 

It goes without saying that a gadgeteer 
will let his gadgets run away with him. 
The good engineering teacher will select 
teaching aids so that they do fhings for 
him that he cannot do for himself or do 
them in a much better way, thus justifying 
their use. Teaching aids are not like frost- 
ing on a cake to make the course sweet to 
the student. They may be interesting in 
themselves but they will not be effective 
teaching aids unless they satisfy the 
basic requirements of encouraging and 
aiding the student to carry out the learn- 
ing process himself. 


A Yardstick for Evaluating a Teaching 
Aid 


What can the engineering teacher do 
to decide if a certain teaching aid can be 
used by him for a particular presenta- 
tion in a certain subject? Questions that 
come to mind are: whether or not the de- 
vice is adapted to his particular way of 
teaching, including his philosophical ap- 
proach to the subject; whether it will do 
the job which he hopes it will do; and a 
host of other complications. Actually 
the answer is very simple. The teacher 
merely needs to ask himself whether it 
wil help him do a better job of motivat- 
ing the student to learn. To be more spe- 
cific, the teacher needs to know whether 
it will do a better job of (a) presenting 
ordinary information, (b) presenting in- 
formation that cannot be presented in 
any other way, or (c) in motivating the 
student in developing a sense of profes- 
sional consciousness (or interest in the 
humanistic-social stem courses). 

The engineering teacher finds it neces- 
sary to present two kinds of information, 
descriptive and technical. Teaching aids 
often offer an advantage in’ presenting 
descriptive material by enabling — the 
teacher to present the information more 


rapidly and more thoroughly. It is 
doubtful if many instructors are deserib- 
ing the steel making process with a word 
picture today. It is so much easier to 
use a set of slides or a motion picture or 
better yet actually to visit a steel mill. 
The time consumed in the visual presen- 
tation is so much less and so much more 
efficient and thorough that the word piec- 
ture cannot compare with it. Very often 
technical information can be explained 
in a much better fashion by the use of 
animation, as, for example, to explain 
the meaning of a certain formula. Ani- 
mation may be done by means of models 
which can be carried to the classroom or 
it may be done with a motion picture of 
the model in operation. An advantage 
of the motion picture is the knowledge 
beforehand that it will always do exactly 
the thing that the instructor wants it to. 
The disadvantage is that the instructor is 
unable to allow the student to pose prob- 
lems other than those which have been 
solved by the model or explained by 
means of the model in the motion pic- 
ture. It might be impossible in a class- 
room presentation to explain what would 
happen in a centrifugal pump if the 
speed of the pump was increased or if 
the length of the impellar vanes was in- 
creased. However, this can be done sche- 
matieally using data which ean be gath- 
ered and shown very quickly in a film. 
There will be other cases where the film 
will not do a complete and proper job of 
presenting the material, and if it sets up 
too simple and pat a ease, may actually 
be misleading. Again, each instructor 
must evaluate every teaching aid to be 
sure that the device will not be a termi- 
nal point in itself. It must lead to some- 
thing. In order to place emphasis upon 
the learning process, the device must per- 
mit operation by the student or must in 
some way stimulate him to further study. 
In this respect the teaching aid itself is 
actually motivation, although it basically 
does help speed up the rate of under- 
standing. 

Some teaching aids will permit the 
presentation of information and under- 
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standing that cannot be presented in 
other ways. The high speed motion pie- 
ture, referred to as the “time micro- 
scope,” is well known in the dynamics 
field. Here the student is able to see cer- 
tain dynamic effects as they influence the 
operation of high speed machinery, and 
he is able to visualize machine design 
problems in a way that could not be done 
otherwise. Other examples would be the 
action inside a furnace, where high tem- 
perature would prevent ordinary obser- 
vation, or perhaps the action in proxim- 
ity to an explosion or a test to failure. 
A further possibility is that by means of 
the teaching aid the student is given a 
pseudo-experience which could not be ob- 
tained by reading text material. This of 
course is desirable in many subjects. 

An important funetion which the engi- 
neering instructor must often perform is 
to motivate the student to an interest in 
professional matters or perhaps in the 
humantistic-social aspects of the engi- 
neering profession. This ean often be 
done with motion pictures or slides, as, 
for example, in showing a long range city 
planning program where slums_ are 
cleared and replaced with more desirable 
low cost housing. It can be shown 
quickly how transportation can be im- 
proved, and the general welfare of the 
community benefited, if the engineer 
plans wisely with an overall humanistie- 
social and economie consciousness. Such 
a viewpoint is difficult to present in text- 
books. 

To repeat once more the second point 
of this paper, the student will remember 
longer what he sees if he is able to put 
it to some quantitative use shortly after 
seeing it. Avoiding the use of the teach- 
ing aid as a terminal point and stressing 
the actual learning process makes for a 
higher retentivity. 

The Cost of Producing Teaching Aids 

Many college teachers wishing to make 
their own motion pictures have been dis- 
couraged by the $25,000 to $50,000 cost 
ot a 20 minute industrially sponsored 
film. It is doubtful if any school could 


afford such an amount. Actually, how- 
ever, it is possible to produce creditable 
and very effective silent films in color of 
20 minute showing for $300 in student 
labor and supplies. The author has pro- 
duced such a film with about 22 minutes 
showing time on the subject of “FA- 
TIGUE—The Failure of Materials Due 
to Repeated Loading” for an actual cost 
of $276. This did not include a charge 
for personally photographie 
equipment or for space or other over- 
head charges. A sound track could be 
added to the film by a professional nar- 
rator and one print provided for ap- 
proximately $300. This cost ean be re- 
duced by recording the narration and 
musieal background on tape and supply- 
img this to the commercial firm making 
the sound on film print. With equip- 
ment and space at hand it is theretore 
possible to produce a sound film in color 
for 20 minutes showing at a cost of ap- 
proximately $500 to $750. 

The author introduces animation into 
a motion picture by means of simple 
cardboard cutouts that are schematic rep- 
resentations of mechanisms and other de- 
vices. The device shown in Fig. 1 is used 
to show ballast “pounding” under a rail- 
road rail and the resultant bending of 
the rail. The rail is fastened to long 
wooden handles at each end. These are 
pivoted to allow the rail to be bent. Bal- 
last, in the form of one-half inch top size 
crushed limestone, is placed around the 
ties. The wheel is painted on the back 
with rubber cement so that it will “roll” 
along the rail when pulled over the neu- 
tral background by a handle attached to 
the wheel on its bottom side. The camera 
sees only the rail, ties, ballast and about 
40 per cent of the lower part of the 
wheel. 

The development of a transverse fissure 
in the head of a rail can also be explained 
very effectively with animation. A ecard- 
board cross-section of a rail is painted 
black and is shown to have a small inher- 
ent defect represented by a white dot. 
This defect is made to inerease in size 
through the use of many single frame 
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Fig. 1. Cardboard cutouts for motion picture anima- Fig. 2. High speed stamping 
tion used to represent bending of a railroad rail under mechanism model for motion 
a rolling load. Wood handles fastened to the card- picture. Forming head, con- the 
board at A and B are pivoted to permit*application of necting rod and flywheel are cus 
bending moment. Wheel is 15 in. in diameter. moved slightly between single cal 
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Fig. 3. Individual frames from sound-slide film ‘‘ Lines of Force.’’ 


Characters are colored red for tension and blue for compression. 
Film develops a concept of lines of force in trusses. Reference to J 
‘*sky hooks’’ and other ridiculous situations is an attempt to pro- tin 
mote interest. 
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exposures, the dot being enlarged slightly 
each time. The full size fissure is finally 
compared with an actual one closely re- 
sembling it in size and shape. 

A model of a high speed stamping 
mechanism is shown in Fig. 2. Anima- 
tion with this device is accomplished with 
single frame exposures, moving the parts 
slightly between each exposure. 

All of the author’s animation models 
are made of heavy poster board (card- 
board). They are painted with show 
eard colors in pastel shades. These 
paints are completely flat so that there 
are no annoying highlights to 
photographie difficulties. 

The cost of making slides is so small 
the author does not consider it worth dis- 
eussing here. <A good quality 35 mm. 
camera with a copying attachment should 
be available for staff use in every depart- 


cause 


ment. Slides in black-and-white or color 
ean be made with such an outfit for a 
very low unit cost. Some figures used 


in producing a sound-slide film “Lines of 
Force” are shown in Fig. 3. 


Production of models to illustrate 
fundamental scientific and engineering 


principles need 
sive. 


not be tedious or expen- 
Elaborate devices are seldom as et- 
fective teaching aids as simpler versions. 
The reader is referred to the following 
articles on this subject which appeared 
in the JouRNAL of ASEE: 


“Demonstration Models—Their Use 
and Construction,” Hartenberg, R.S., 
April, 1950, Vol. 40, No. 8, pp. 430- 
434. 
“Exhibit of Teaching Aids at the Se- 
attle Meeting,” Lutz, §.G., March, 
1951, Vol. 41, No. 7, pp. 406408. 
“A New Aid in Teaching Kinematics,” 
LaJoy, M.H., and Larsen, O.M., May, 
1951, Vol. 41, No. 9, pp. 542, 543. 
“Visual Aids in Edueation,” Shilts, 
W. L., December, 1950, Vol. 41, No. 4, 
pp. 235, 236. 

Difficulties in Using Teaching Aids in the 

Classroom 


Most engineering teachers have at one 
time or another had the usual bout with 


AIDS 151 
inverted slide images, improperly dark- 
ened and inadequately ventilated rooms, 
balky projectors, and a host of other 
evils. Most of these can be overcome by 
assigning a custodian to the operation 
and maintenance of visual 

A few classrooms ean be set 


equipment. 
aside for 
projection and designed to prevent light 
ing and ventilation difficulties. A most 
unusual classroom for this purpose was 
designed for New York University by Dr. 
S. G. Lutz and was described briefly in a 
spring, 1950, issue of Life magazine. 
One feature of this room is the use of a 
hand operated supersonic whistle to ae 
tuate the slide projector by remote con- 
trol, thus freeing the instructor to use 
a pointer or to supplement the slide with 
the blackboard. 

Models should be stored in a conveni 
ent place where all instructors ean get 
to them. They should be 
maintained. In some 


adequately 
eases it may be 
feasible to assign all classes in a subject 
where models, charts, 
diagrams, and other teaching aids can be 
conveniently stored for ready use by the 
instructor. 


to one classroom 


The Work of the ASEE Committee on 


Teaching Aids 

Several years ago the Division of Edu 
cational Methods appointed a sub-com- 
mittee to study the problem of teaching 
aids in the engineering colleges and uni 
versities. Much of the committee’s pres 
ent activities are concerned with publish- 
ing a catalog of teaching aids for use by 
any one desiring information regarding 
the devices which available. This 
eatalog will be sold at nominal cost and 
will contain information as to where the 
teaching aid may be obtained, its dimen- 
sions and other physical characteristics, 


are 


any charge involved for its use, and other 
detail information. The listing will also 
inelude a brief description of the device 
and a review of it prepared by a 
mittee of three qualified educators in the 
field covered by the teaching aid. The 
reviewers’ comments will indicate, for ex 


com- 
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ample, the amount of the material that is 
considered to be advertising (in case the 
teaching aid was produced by commer- 
cial interests), the year level at which 
the material could be used, the general 
quality of the narrative explanation used 
in presenting the material, amount of 
theory or application, and other pertinent 
information. The object of the listing of 
the teaching aid in the catalog would be 
to enable the potential user to determine 
the worth of the material and of course 
to permit him to accept this information 
in good faith with the assurance that it 


was prepared by competent individuals 


The completion of this catalog will do 


much to enable engineering teachers to 
determine the worth of teaching aids i: 
their course presentation. 

In order to carry out this reviewing 
plan the committee is currently raising 
a fund of $7000 which will be used to 
pay the major part of the expenses oi 
preparing and publishing the eatalog. 
As this is being written, three-fourths otf 
this amount has been received and it is 
expected that the remainder can bi 
raised without difficulty. 


College Notes 


F. W. Tatum, Professor of Electrical 
Engineering, Southern Methodist Uni- 
versity. has been named Chairman of 
the Department of Electrical Engineer- 
ing at S.M.U. Professor Tatum received 
his technical education at Columbia Uni- 
versity, with degrees of B.S. in E.E. and 
M.S. in E.E. From 1935 to 1947 he was 
associated with the American District 
Telegraph Company and held the posi- 
tion of Engineering Supervisor at the 
time of his resignation to join the faculty 
at S. M. U. 


Cornelius Wandmacher, present direc- 
tor of the evening session and associate 
professor of civil engineering at the Poly- 


technic Institute of Brooklyn, will be- 
come the William Thoms professor of 
civil engineering and head of that de- 
partment in the University of Cincin- 
nati College of Engineering. 


William A. Edson has been named 
director of the school of electrical engi- 
neering at the Georgia Institute of Tech- 
nology, it was announced by J. W. 
Mason, dean of engineering, Dr. Edson, 
who until his recent promotion served as 
professor of electrical engineering in 
the school, will replace Dean D. P. Savant 
who retired as director in July of this 
year after almost 30 years of loyal 


“ 


service. 
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Report of the Committee on Atomic 
Energy Education 


Summary of Activities—May 23, 1951 


By 


Chairman, 


The Committee has held two meetings: 
on June 2 and 3, 1950, and on May 8, 
1951. Regional sub-committees have been 
formed under the chairmanship of five 
committee with five 
major operating centers of the Atomic 
Energy Commission throughout the U. S. 


members associated 


The Northeastern Regional Sub-com 
mittee sponsored an inspection tour for 


ASEE members at the Brookhaven Na- 
tional Laboratory on April 7, 1951. The 
ASEE Midatlantie Section meeting at 


Rutgers on May 12, 1951 devoted 
nuclear engineering edueation. The 
Allegheny Section at Carnegie Institute 
of Technology on April 21, 1951 econ- 
ducted a panel discussion on the subject 
on nuclear engineering education. 

The Southeastern Regional Sub-com- 
mittee arranged for five papers on atomic 
energy to be given at the Fontana Con- 
ference on August 28, 29, and 30, 1950 
and four atomie energy papers at the 
Biloxi Meeting of the Southeast Section 
of ASEE on March 22, 23, and 24, 1951. 
The Sub-committee is sponsoring a sym- 
posium at the Oak Ridge Institute for 
Nuclear Studies from August 27 to Sep- 
tember 6, 1951 under the title of “The 
Role of the Engineer in Nuclear Devel- 
opment.” 

The Northwestern Regional Sub-com- 
mittee sponsored an ASEE Conference 
at Hanford on February 8 and 9, 1951. 
Sub-committee members were given a 
thorough description of Hanford facili- 
ties and a tour of the plant. The South- 


was 


to 


ASEE Committee 
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on Atomic Energy 


Sub-committee was 


the ASEE Con 


Regional 
formed as the result of 


western 


ference held at Berkeley on December 
15-16, 1950, the program of whieh was 
devoted to nuclear energy education. 


Arrangements were made to hold a meet- 


ing to organize the Middlewestern Re- 
gional Sub-committee at the national 
convention of ASEE on June 27, 1951. 


Certain points of agreement 
engineering edueators have become evi- 


among 


dent as the result of these regional meet 


ings. In considering nuclear engineer 
ing education all of the groups have 


stressed: the need for developing com- 
the need 
training in human engineering, the need 
for developing the ability to reach sound 


petence in basie science, tor 


economic judgments, the continuing need 
for fundamental training in 
major fields of 


recognized 
the 
ability of reserving specialized training 
in nuclear for graduate 
study, and the importance of continued 
university-sponsored technical training 
for working on the national 
program, all within the 
framework appropriate to the individual 


engineering, desir 


engineering 


engineers 
atomie energy 
engineering school concerned. 

At AEC 


sentatives have diseussed the availability 


regional conferences repre 
of source materials for nuclear enginee 
ing edueation. On the basis of such dis- 
the Committee has 
recommendations to the AEC. 


a. That the AEC prepare a 
raphy of basic materials which would be 


cussions made two 


bibliog- 


JourNat oF ENGINEERING Epucation, Nov., 1951 





154 REPORT OF COMMITTEE ON 


of particular interest to engineering edu- 
cators, for publication as a joint enter- 
prise of the ASEKE—AEC—Office of 
Education. The AEC has agreed to pre- 
pare such a bibliography. 

b. That AEC sponsor the preparation 
and publieation of a Sourcebook on 
Atomic Energy Engineering, along the 
lines of Dr. Samuel Glasstone’s Source- 
hook on Atomic Energy. 


ATOMIC ENERGY EDUCATION 


The Committee feels that there is much 
more work to be done and is soliciting 
comments and reports of activities in this 
field from members of regional sub- 
committees and all others interested in 
nuclear engineering education. The Com 
mittee chairman will prepare this mate- 
rial in suitable form for cireularization 
to engineering educators. The Commit 
tee plans to meet again in May 1952. 


College Notes 


William G. Van Note, 45, of Raleigh, 
N. C., will be the ninth president of 
Clarkson College of Technology. The 
announcement was made today by Ralph 
S. Damon, president of the Clarkson 
board of trustees and of Trans-World 
Airlines, Ine. Van Note is director of 
the Department of Engineering Research 
and professor of metallurgy at North 
Carolina State College, Raleigh. As 
president of Clarkson he will sueceed 
Jess H. Davis who will become president 
of Stevens Institute of Technology. 


The appointment of G. R. Fitterer as 
dean of the Schools of Engineering and 
Mines at the University of Pittsburgh 


was announced by Dr. R. H. Fitzgerald, 
chancellor. Fitterer has been profes 
sor and head of the department of metal- 
lurgical engineering since 1939. He 
graduated from the Rose Polytechnic In- 
stitute in 1924 and during the remainder 
of that year worked as metallurgist for 
the American Chain Co. in Terre Haute, 
Ind. During the next two years he was 
employed as metallurgist for the Stanley 
Works in New Britain, Conn. 


Richard F. Shaffer, Associate Professor 
of Chemical Engineering at Pratt Insti- 
tute, has been appointed Head of the De- 
partment of Chemical Engineering, Dean 
Nelson S. Hibshman announced today. 
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Lamme Award 


The Committee on Lamma Award is al- 
ways anxious to get nominations for the 
Award from the membership of the So- 
ciety. Any member may place a name 
in nomination; the selection will be made 
hy the Committee by letter ballot. 

About March the first each year, the 
Chairman of the Committee 
nominations from the Committee, and the 
result is a list of about twenty-five names. 
By Mareh fifteenth the balloting begins 
in order that the selection may be made 
well in advance of the annual convention. 

Until February 1, 1952, the Chairman 
will formal nominations from 
members of the Society. This 
date is fixed in order that names, and aec- 
companying biographies, may be placed 
in the hands of the Committee members 
by March first. It is very desirable that 
nominations be accompanied by a brief 
statement made aceording to the outline 
suggested below. 

A number of years ago the Committee 
set up the following rules for making 
the Award: 


requests 


receive 


closing 


1. Achievements which can be taken as 
proof of excellence in teaching or as hav 
ing contributed to the art of technical 
training will be given major considera 
tion. 

2. Only those achievements will be con- 
sidered which seem to have the possibility 
of lasting influence or which have sut 
ficiently stood the test of time. 

3. Books, articles, contributions to 
method and research, which have a bene- 
ficial effect upon the teaching of engi- 
neering, will be given considerable weight 
in making the decision. 

4. Participation in the work of Engi- 
neering and Educational 
necessary for eligibility. 
pation, however, will be given due con 
sideration if it has led to definite and 
recognized results in bettering technical 
education. 


Societies is not 
Such _partici- 
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5. Achievements outside of the field of 
teaching, such as employment in indus 


try, consulting work, inventions, ete., 
will be considered as of secondary im 


portance in making the Award. 

6. Administrators in engineering schools 
are eligible. Only that work of Adminis- 
will be 
which has led to definite and recognized 
improvements in method of teaching or 
in the art of technical training. 

7. Emeritus Professors are eligible. 

8. Nominations should emphasize the 
contributions of the candidate to 
major objectives. Concise statements of 
achievements much more valuable 
to the Committee than a series of recom- 
mendations from students 
Listings in “Who’s 


trators, however, considered 


these 
are 


former and 


present acquaintances. 


Who in Engineering,’ and such publi 
cations, give some information regard- 
ing achievements but material of this 
tvpe will not give the Committee the 
needed information to make valid 
judgment. 


In preparing a biography of a nominee 


the following outline should be helpful: 
work 


pe st 


1. Preparation for teaching 


school, year graduated, degree, 
graduate work, honorary degrees. 
2. Accomplishments as a teacher. 
3. Advancement of the art of technical 
books,  artieles, 
to method, research, ete. 


1. Administrative work in engineering 


training contributions 


schools. 

5. Membership and participation in 
Engineering and Edueational Societies. 

6. Engineering practice—employment 
in industry, consulting work, inventions, 
ete. 

7. Other achievements. 


should be sent to the 
Chairman of the Committee, Nathan W. 
Dougherty, University of Tennessee, 
Knoxville 16, Tennessee by February 1, 


1952. 


Nominations 
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The George Westinghouse Award 


The George Westinghouse Award is an 
anziual award established in 1946 by the 
Westinghouse Educational Foundation to 
recognize and encourage outstanding 
achievement in the teaching of students 
of engineering. The award consists of 
$1000, together with an engraved certifi- 
eate. The recipient is selected by a ten- 
man committee, nine of whom are ap- 
pointed by the President of the Society. 
There is also a representative from the 
Foundation. The Award for 1952 will 
be presented at the banquet of the an- 
nual convention at Dartmouth College, 
Hanover, N. H., June 23-27, 1952. 

The recipient of the Award must have 
made a significant contribution to the 
teaching of engineering students and 
shall have distinguished himself in sev- 
eral of the following ways: 


1. Record as a teacher. (Evidence of 
superior teaching and guidance of 
students as demonstrated by records 
of former students, indications of 
unusual subject matter competence, 
ete. ) 

2. Improvements of the tools of teach- 
ing. (Textbooks and student notes, 
descriptions of special courses or 
curricula, diagrams and models, new 
laboratory and teaching equipment, 
ete.) 

3. Other activities contributing to the 
improvement of teaching. (Mate- 
rial relating to the development of 


teachers in the nominee’s depart 
ment or teachers in general, the de 
velopment of testing and guidance 
program for students, the promotion 
of cooperation with other types ot 
educational units or with industry, 
coordination of fields of subject 
matter, ete.) 

4. Evidence of high intellectual capac 
ity. (Brilliance of mind as mani 
fested by contributions to literature, 
degrees and honors received, ete.) 


The Award has been established to en- 
courage younger men who have shown by 
their past record evidence of continuing 
activity as superior teachers. To them 
the Award may serve not only as a re- 
ward but as an incentive toward further 
achievement. 

In order to achieve this intent, it is 
deemed essential to limit the Award to 
those who have not reached the age of 
15 by the date of the annual presentation. 

Nominations may be made by any per- 
son, organization, or group and are to be 
submitted before February 1, 1952, to the 
Chairman of the Committee on Award, 
Dean R. E. Vivian, University of South- 
ern California, Los Angeles 7, California. 
Nominations must be made on forms 
available from either the chairman of the 
Committee or from the Secretary of the 
Society. Nominations should be aeccom- 
panied by significant evidence supporting 
statements and claims. 
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A Theory of Work Habits of [ndustriousness* 


By WILLIAM C. KRATHWOHL 


Director of Tests 
Institute for Psychological Services, Illinois Institute of Technology 


The work habits which are to be dis- 
cussed are confined to those of indus- 
triousness and indolence.** The theory 
concerning these work habits is that by 
means of aptitude and achievement tests 
in some area a number can be assigned to 
an individual, called his index of indus- 
triousness, which will measure his in- 
dustriousness in that area. 

It should be noted that habits of in- 
dustriousness are relative instead of ab- 
solute and hence with any definition of 
these traits there must be associated a 
group with which the individual is com- 
pared. Thus a person who would be con- 
sidered an industrious individual in some 
activity in the tropics might be con- 
sidered indolent if he were compared 
with people in the temperate zones. 

In order to test this theory of work 
habits, it was tried out with a group of 
1255 engineering freshmen at the Illinois 
Institute of Technology in the field of 
mathematics. To find out what was ex- 
pected of them, they all took the Iowa 
Mathematics Aptitude Test, Form M 
when they entered the Institute. To find 
out what they had accomplished they all 

* Presented before a joint conference of 
the Divisions of Mathematics and Eduea 
tional Methods at the Annual Meeting of 
the American Society for Engineering Edu- 
cation at East Lansing, Michigan, June 
1951. 

** For conciseness and also to avoid awk- 
ward construction, the word indolence as 
employed in this investigation is used not 
in a derogatory sense, but rather as a sub- 
stitute for under-achievement. In the same 
way, the word industriousness is used as a 
substitute for over-achievement. 


N 


took, during the same week, a locally pre 
pared achievement test called the Mathe 
maties Preparation Test, on the algebra 
which they had studied in high school. It 
was assumed that the difference between 
the scores which they received on these 
two tests measured their industriousness 
for mathematics. 

In order to make the scores compara 
ble, a linear transformation was used on 
each set of make 
mean equal to 20 and each standard de 
viation equal to 4. Such have 
come to be known as derived scores. They 
can easily be transformed into standard 
seores having a mean of 50 and a stand 
ard deviation of 10 by multiplying the 
derived scores by 2! 


scores so as to each 


scores 


> 
Definitions 


It was expected that students who 
made, for example, a score of 22 on the 
Mathematies Aptitude Test would make 
approximately a 22 on the 
mathematies achievement test, but in gen 
eral students did not make the same score 
on both tests. The difference of a stu 
dent’s derived score on the mathematies 
achievement test minus his derived score 
on the mathematics aptitude test was de 


seore of 


fined to he his index of industriousness 


for mathematies. 
Other definitions which we need are 
those for industrious, normal and in- 


dolent individuals. An industrious per 
son is defined to be one who accomplishes 
more than is expected of him because of 
the extra effort expended. whereas an 
indolent person is defined to be one who 
accomplishes less. This third 
sategory, that of the normal individual, 


leaves a 
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who does about what is expected of him. 

The next question was how to define 
industrious, normal, and indolent  stu- 
dents in terms of these indexes. The rule 
which was used was the one commonly 
employed in some fields of statisties, that 
the middle half of a group should be con- 
sidered average or normal whereas the 
highest and lowest quarters should be 
considered above average and below aver- 
age, respectively. Such a_ separation 
meant that students in the upper quarter 
of the indexes of industriousness for some 
subject were considered industrious in 
that subject with their indexes of indus- 
triousness ranging from plus 3 and up. 
The middle half, which had indexes from 
— 2 to plus 2, were considered the normal 
group. The lowest quarter having in- 
dexes of — 3 and less were defined to be 
indolent in mathematics. 

The question now becomes, do indexes 
of industriousness really measure work 
habits? If they do, they should satisfy 
the properties usually associated with 
work habits. 


Postulates of Industriousness 


One of these properties is that for 
the same degree of brightness in mathe- 
matics, a group of industrious students 
in mathematics should receive on the 
average higher grades in some mathe- 
matical subject such as college algebra 
than the-normal group, and the normal 
group should receive higher grades on the 
average than the indolent group. This 
property was found to be generally true 
is an investigation by Krathwohl (3) 
who found that the average grades in 
college algebra for each level of bright- 
ness for the industrious groups were al- 
ways higher than were those for the nor- 
mal groups. Furthermore, these dif- 
ferences were significant at the 1% level 
or better for all degrees of brightness 
with the exception of the group which 
had the highest average mathematics 
aptitude score and the two groups who 
had the lowest mathematics aptitude 
scores. These three groups were handi- 
capped by the grading system because on 


an ABCDE grading system, a_ bright 
student cannot make a grade higher than 
A no matter how industrious he is and 
a student with low ability in mathematics 
cannot make a grade less than E. In 
spite of such a handicap, the difference 
for the brightest industrious group and 
the brightest normal group was signifi- 
cant at the 9% level and the differences 
for the two groups with the lowest ability 
were significant at better than the 5% 
level. 

When the normal and indolent groups 
were compared, the normal groups still 
received, on the average, higher grades 
than the indolent group but the differ- 
ences were not significant at as high a 
level. Evidently some members of the 
indolent group reformed, but not very 
many. The consistent differences be- 
tween industrious, normal, and indolent 
groups when compared at the same level 
of mathematical aptitude indicated that 
these indexes of industriousness un- 
doubtedly were a function of work habits. 


Persistence 


A second property of work habits is 
their persistency. It has often been said 
by instructors that students who are in- 
dustrious at the beginning of their col- 
lege course usually remain industrious, 
whereas indolent students rarely reform. 
This persistence of work habits was 
verified with the experimental group as 
shown above, beeause the indexes of in- 
dustriousness were computed at the be- 
ginning of the freshmen year, whereas 
the college algebra grades were received 
from five months to ten months later. 


Effect on Achievement 


A third property which is expected of 
work habits is that, for a given degree 
of brightness, the harder a student works, 
the greater should be his achievement. 
Indexes of industriousness for mathe- 
matics have this property as was found 
in another investigation (4). To show 
that inereased industriousness was ac- 
companied by higher grades, correla- 
tion coefficients were computed between 
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TABLE 1 


CORRELATION COEFFICIENTS BETWEEN GRADES IN COLLEGE ALGEBRA AND INDEXES 
OF INDUSTRIOUSNESS FOR MATHEMATICS 


N gr : — 

84 27 0.49 1% 

76 26 0.45  y// 
121 25 0.51 lo 
157 2: 0.48 1a 
186 23 0.49 1% 
163 22 0.42 1% 


college algebra grades and indexes of 
industriousness for mathematics for each 
level of brightness in mathematics. These 
correlations are shown in Table 1. 


In this table the column headed N 
gives the number of students in the 
group. The column headed Mathematies 


Aptitude gives the derived score on the 
Mathematics Aptitude Test, which meas- 
ures the brightness of the group in mathe- 
matics. The column headed r gives the 
correlation coefficient between grades in 
college algebra and indexes of indus- 
triousness for mathematics. The column 
headed Confidence Level gives the level 
of confidence of the correlation coeffi- 
cient. Thus a confidence level of 1% 
means that the correlation coefficient 
being considered could have happened by 
change less than once in a hundred times. 

It is seen from Table 1, that all of 
these coefficients are positive which means 
that the higher the index of industrious- 
ness for a given level of mathematical 
brightness the higher, in general, is the 
grade received in college algebra. Fur- 
thermore, with one exception, these re- 
sults are significant at better than the 
1% level, which means that these coeffi- 
cients could have oceurred by chance less 
than once in a hundred times. The one 
exception for a derived score of 18 could 
have oceurred by chance 3 out of a hun- 
dred times. Evidently indexes of indus- 
triousness for mathematics, as here de- 
fined, do satisfy the property that for a 
given degree of brightness the achieve- 
ment of a student in college algebra in- 


’ Mathematics Confidence 
N Aptitude Level 
125 21 0.42 ly, 
128 20 0.35 ) yy 
85 19 0.30 LY, 
65 18 0.27 3% 
65 17 0.33 19, 
ereases with his industriousness. If it 


did not, all of these correlation coeffi- 
cients would have been zero or negative. 

It is seen from Table 1 that the corre- 
lation coefficients for the less bright stu- 
dents are lower than those for the brighter 
students, which is a fact that has fre- 
quently been found in these investiga- 
tions. It seems that students with low 
ability are a much more unpredictable 
group than bright students, and they 
seem to be much more variable on the 
whole in their work habits than are 
bright students. Some are highiy moti- 
vated to do as good work as they ean. 
Others just do not care as long as they 
get through. Furthermore, these low 
ability students are handicapped in that 
there apparently is a ceiling for low 
ability students beyond which they are 
unable to rise no matter how hard they 
work. 


English Compared with Mathematics 


For a further test of the validity of 
indexes of industriousness, as here de- 
fined, to measure work habits, another 
subject, English, was chosen because it is 
quite different from mathematics. The 
experimental group consisted of 308 
sophomores at the Illinois Institute of 
Technology who took a vocabulary test 
as an English aptitude test and the Co- 
operative Mechanics of Expression Test 
as an English achievement test when they 
entered the Institute as freshmen. From 
these two tests their index of industrious- 
ness for English was computed. At the 
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end of their sophomore year these same 
students took the sophomore English Ex- 
pression Test, which is published by the 
Cooperative Test Service. The results 
obtained by Krathwohl (5) with the sub- 
ject of English paralleled closely the re- 
sults with mathematics. The groups who 
were rated as industrious at the begin- 
ning of their freshmen year received 
higher average grades in English Expres- 
sion one year and eight months later 
than did the normal groups, and this was 
uniformly true whether they were above 
average, average or below average on 
their vocabulary scores. On the other 
hand, the groups who were rated as in- 
dolent at the beginning of their fresh- 
men year still were doing poorer work 
than the normal groups one year and 
eight months later. 

There was, however, this variation: 
that whereas the difference for English 
achievement between the normal and the 
indolent groups for the students who 
were above average in vocabulary was 
significant at the one per cent level of 
significance, the difference between the 
normal and indolent groups for the stu- 
dents who were average in English vo- 
cabulary was significant at only the five 
per cent level. Evidently some reforma- 
tion had taken place, but not much. Fur- 
thermore, no comparison could be made 
in English achievement between the nor- 
mal and indolent groups for students 
who were below average in English vo- 
cabulary because there was only one stu- 
dent left in the below average indolent 
group and he was dropped in June. 


Ability to Stay in College 


This surprising result, that only one 
student was found in the below average 
indolent group in English at the end of 
the sophomore year, was very interesting 
because it is at variance with the opinions 
of some engineering instructors who claim 
that is does not matter what a student 
does in English as long as he is doing 
satisfactory work in mathematics, phys- 
ies, chemistry and engineering subjects. 

Similar to the results obtained in Eng- 


lish for the ability to survive, were the 
findings obtained for mathematics. At 
the end of the freshmen year there were 
no low ability indolent students in mathe- 
matics left in the class, although the 
theoretical number remaining in this eate- 
gory out of 1255 students should have 
been 78. In other words, about two 
years in English or one year in mathe- 
matics is the limit of time that low ability 
indolent students can remain in an engi- 
neering school. 

The property that the harder a student 


‘works in English the higher will be his 


grade, also turned out to be true. For 
each level of brightness in English, as 
measured by vocabulary, the correlation 
coefficients were positive. Every corre- 
lation coefficient was significant with the 
exception of the group with the lowest 
scores on the vocabulary test. Both this 
group, who were the least bright in Eng- 
lish, as well as the groups previously 
mentioned, who were least bright in 
mathematics, turned out to be somewhat 
unpredictable. One possible reason for 
the uncertainty connected with them is 
that some of the low ability normal stu- 
dents have changed their work habits. 
Note that there were practically no low 
ability indolent students in English. A 
more plausible reason is that similar to 
the results in mathematies, the low ability 
group in English are handicapped by a 
ceiling which sets a limit to their success 
no matter how industrious they may be. 


Average Indexes 


An interesting result was found with 
both the mathematics and English groups 
when the averages of indexes of indus- 
triousness were computed for each level 
of brightness. It was found that the 
average index for the brightest students 
was always negative and the average 
index for the students with lowest ability 
was always positive. At first glanee it 
would seem that bright students, as a 
whole, tend to be indolent. Such a con- 
clusion, however, is not warranted. The 
reason for this divergence in the: aver- 
ages of indexes of industriousness be- 
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tween low ability and high ability stu- 
dents is that indexes of industriousness 
are relative and therefore students of low 
ability apparently have to work so hard 
in order to survive that the bright stu- 
dents are made to appear indolent by 
comparison. 

Because the investigations for two 
such different subjects as mathematics 
and English gave evidence to justify 
the hypothesis that indexes of indus- 
triousness were measuring work habits, 
a study was made for English (6) of the 
relative contributions of voeabulary and 
aun index of industriousness for English 
to achievement in English. It was found 
that if the group were taken as a whole, 
the indexes of industriousness contributed 
very little to achievement in English. If, 
however, the original group was divided 
into subgroups, quite a different picture 
appeared, and the effect of indexes of 
industriousness varied greatly for the dif- 
ferent subgroups. For instance, when 
the original group was divided into three 
subgroups on the basis of being above 
average, average, or below average in 
vocabulary, then the index of industrious- 
ness or, in other words, work habits, con- 
tributed more to achievement than vo- 
cabulary, and better predictions for 
achievement could be made from the in- 
dexes of industriousness for English than 
from the vocabulary scores. If, however, 
the original group was divided into three 
subgroups of industrious, normal and in- 
dolent students, then vocabulary made 
the greater contribution by far and the 
predictions for achievement from the 
vocabulary scores for each of the three 
groups were higher than for any other 
arrangement. In other words, to get the 
highest possible prediction for English 
achievement, the best method is to divide 
the group into an industrious, a normal, 
and an indolent group and then predict 
English achievement separately for each 
group from the vocabulary scores. In- 
cidentally, of the three groups, the best 
prediction for achievement in English 
was made by the industrious group. 


Similarity to Social Habits 


This finding that the predictions of 
achievement in English could be pre- 
dicted much more accurately for the in- 
dustrious group than for any other group 
is remarkably similar to the results ob- 
tained by Hartshorne and May (2) in 
their studies of social habits such as 
honesty, truthfulness, and morality. They 
found that if a man possessed the more 
desirable qualities, in general, he was apt 
to be more consistent. If, on the other 
hand, he possessed the more undesirable 
qualities, in general, he was apt to be 
more inconsistent. The man who is gen- 
erally honest is also consistently honest, 
which means that he is dependably honest, 
whereas the man who is generally dis- 
honest is apt to be ineonsistent—he may 
be honest in one situation and dishonest 
in another. 

A similar investigation was made for 
mathematies (7) to find the relative con- 
tribution of mathematics aptitude, and an 
index of industriousness for mathe- 
matics, to achievement in mathematies. 
The results for mathematics paralleled 
very closely those for English. The only 
exception was that correlation coefficients 
for mathematics were lower than were 
those for English, due to using instrue- 
tors’ grades instead of an objective ex- 
amination. Otherwise, the general con- 
clusions were the same. 


Independence of Work Habits 


These investigations naturally brought 
up the question whether work habits were 
specific or general. That is to say, 
whether it would follow that a student 
who was industrious in mathematics 
would also be industrious in other sub- 
jects. The same group of 308 sopho- 
mores was used by Krathwohl (8) to in- 
vestigate the independence of the indexes 
of industriousness for English, chemistry, 
mathematics and physics. Out of the 6 
pairs that it was possible to form from 
these four subjects, it was found by 
means of the chi square test that 5 of 
the pairs were independent of each other. 
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The sixth pair, chemistry and mathe- 
maties, were found to be dependent on 
each other. However, when correlation 
coefficients were computed for each pair, 
the correlation coefficient between the in- 
dexes of industriousness for mathematics 
and chemistry was found to be only 0.35, 
yet statistically significant. Such a low 
but significant value of the correlation 
coefficient means that a relation does exist 
but it is a small one. All of the remain- 
ing five correlation coefficients were, as 
expected, much lower and none of them 
were statistically significant. The con- 
clusion to be Crawn from this investiga- 
tion is that a student can at one and the 
same time be industrious in mathematics, 
normal in English and indolent in physics. 

Again these results follow very closely 
those obtained by Hartshorne and May 
(2) in their studies of social habits such 
as honesty, truthfulness, and morality. 
They found that these social habits were 
specific instead of general. That is to 
say, we cannot speak of an honest man, 
but rather of an honest act. For in- 
stance, a man may be honest in his in- 
come tax returns, but dishonest when he 
fails to return to the lost and found bu- 
reau an article which he has found. In 
like manner, we cannot speak of an in- 
dustrious individual, but rather we must 
say that an individual is industrious in 
some one area of activity, whereas he 
may be‘indolent or normal in another. 

The slight dependence between work 
habits of mathematics and of chemistry 
demands further investigation, possibly 
a repetition of the experiment on another 
group of engineering students. 

Before drawing conclusions which are 
too general it should be remembered that 
all of the students in these studies were 
engineering students, who are known to 
have quite different characteristics from 
other pre-professional students, as shown 
by Fairbairn (1). For instance, she 


found by means of a questionnaire that 
36 per cent of the pre-law, 29 per cent 
of the pre-medical, but only 7 per cent of 
the pre-engineering 


students indicated 
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that as children they had liked to dress 
up for parties, whereas 13 per cent of the 
pre-law, 16 per cent of the pre-medica! 
and 72 per cent of the pre-engineering 
students replied that they liked to talk 
with their inferiors. Hence, further in- 
vestigations on the properties of these 
indexes should be made on other types of 
students, particularly those from liberal 
arts colleges. 

The theory of work habits as outlined 
in this article has certain weaknesses 
and certain advantages. The principal 
weakness in the theory is that with the 
usual commercial tests the spread of 
scores of the achievement and aptitude 
tests, which are used to measure the in- 
dexes of industriousness, are approxi- 
mately equal. Hence, the brightest stu- 
dents in a group eannot get a higher 
index of industriousness than zero, and 
the least able students cannot get one less 
than zero. The simplest method to over- 
come this weakness of the equality of the 
spread of scores is to make the difficulty 
of the initial achievement test sufficiently 
great so that the spread of scores of the 
initial achievement test will be greater 
than that of the aptitude test. There are 
other methods which ean be used to meas- 
ure indexes of industriousness for stu- 
dents in the extremes of the frequency 
distribution for aptitudes, but they are 
more complicated. 


Ease of Securing Information 


The great advantage of the present 
theory is the ease with which a counselor 
‘an secure information concerning the 
work habits of a student from his test 
seores. Making two assumptions, (1) 
that the theory for indexes of indus- 
triousness holds for other subjects in ad- 
dition to those already investigated, and 
(2) that the scores which a counselor 
uses are local ones with equal means and 
standard deviations; then all he has to do 
is to pick out an achievement test and an 
aptitude test and, by simply finding the 
difference between the two scores, he can 
ascertain if a student is industrious, 





ere 








ont 
lor 





THEORY OF WORK HABITS OF INDUSTRIOUSNESS 103 


normal or indolent in a particular sub- 
ject, and the degree to which a student 
possesses these traits. 

The following conclusions can be drawn 
from these investigations: 


1. By means of aptitude and achieve 
ment tests in some field, it is possi- 
able to assign a number to an in- 
dividual which will measure his in 
dustriousness or indolence in that 
field. 

2. It is possible to show statistically 
that work habits do affect achieve- 
ment. Such a statement means that, 
in general, other things such as level 
of brightness being equal, the harder 
a student works, the higher his 
grade will be. 

3. There is a tendency for industrious 
and indolent work habits to persist 
certainly over as long a period as 
two years. Such information should 
be particularly valuable to coun- 
selors. 

4. Work habits tend to affect the ability 
of a student to remain in college. 
For instance, no matter how bright 
or industrious a student in the ex 
perimental group might have been 
in his engineering subjects, if he 
had a small vocabulary and was in- 
dolent in English, he was unable to 
survive through his sophomore year. 
Similarly, no low ability indolent 
student in mathematics was able to 
survive through the freshman year. 

. Work habits of industriousness act 
very similarly to the social habits of 
honesty, truthfulness and morality, 
which were investigated by Hart 
shorne and May, in that they are 
specifie instead of general, so that 
a person who is indolent in one field 
may not necessarily be indolent in 
another. In particular, a person 
may be industrious in mathematics 


v 


~ 


normal in English and indolent in 
physies. 

Work habits of industriousness also 
act very similarly to social habits, 
in that the possession of desirable 
qualities is accompanied by in- 
creased consistency and predictabil- 
ity, whereas the possession of unde- 
sirable traits is accompanied by in- 
consistency and reduced predict- 
ability. 
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Graduate Work in Machine Design 


* 


By R. R. SLULAYMAKER 
Professor of Machine Design, Case Institute of Technology 
and D. K. WRIGHT, JR. 


Associate Professor of Machine Design, Case Institute of Technology 


Before attempting to write specifica- 
tions for a graduate program in Machine 
Design, let us first review the objectives 
of the usual undergraduate course. Un- 
dergraduate Machine Design is the one 
subject which makes use of all previous 
courses. It is, perhaps, the first oppor- 
tunity the student has to see his educa- 
tional puzzle begin to fit together. In 
Machine Design he can see the why of 
descriptive geometry at the same time 
that he sees the effectiveness of caleulus, 
and he begins to realize that a knowledge 
of statics and dynamics is a “must.” He 
finds that strength of materials and met- 
allurgy go hand in hand and that fluid 
mechanics has more use than the mere 
satisfying of college degree requirements. 
In Machine Design the student learns 
that a firm theoretical core is necessary 
but that he must surround that core with 
a ring of practicality and that his work 
will be for naught if his design cannot 
be built or will not operate. He learns 
that there are times when rough approxi- 
mations are more desirable than rigorous 
analytic solutions and that there are 
others in which a compromise may be 
costly and even disastrous. He discov- 
ers that in Machine Design there is no 
“right answer,” for no machine exists 
that cannot be improved; but he finds 
that there are certain limits between 





* Presented before the Mechanical Engi- 
neering Division at the 59th Annual Meet- 
ing of the ASEE, East Lansing, Michigan, 
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which he must operate and that more 
often than not, cost will dictate where he 
must stand between these limits. 

Subject-wise, the student meets nothing 
new in Machine Design. He simply ap- 
plies what he has already learned. 
Briefly speaking, undergraduate Machine 
Design gives the student an opportunity 
to view his mechanical engineering as a 
whole instead of in parts. To be still 
more brief, in Machine Design the stu- 
dent begins to be an engineer. 


Who Should Take Graduate Work 


Having begun to be an engineer, the 
student should next have an opportunity 
to be one. No young man who hopes to 
be in the design business should take 
graduate courses about design without 
first having been in design. With some 
experience behind him, the young de- 
signer is in a better position to know 
what kind of advanced study he wants 
or whether or not he needs more academic 
work at all. Not all design is analysis 
and not all designers can be improved by 
a college. An SR4 strain gage is no sub- 
stitute for ingenuity, and the practical 
know-how of a die designer cannot be en- 
hanced by elliptic integrals. We will 
probably all agree that ingenuity, while 
it ean be developed, can never be taught 
and that “know-how” cannot be com- 
pressed into a three-hour course. 

Graduate work in Design has then, by 
common consent, become analysis. This 
means that only analysts or men who 
could profit by analysis should be in our 
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graduate schools. Rarely does one find 
a man who enjoys analyzing a machine’s 
characteristics who is also willing or able 
to spend much time inventing something 
to analyze. How many ways to make a 
“widget,” pick it up, turn it over, fold it 
or package it—do not, it seems, go along 
with a desire to work with pounds per 
square inch horsepower, feet per second 
or Reynold’s numbers. 

We conclude therefore that graduate 
work in Design is for men with some ex- 
perience t not boys with “graduate- 
schoolitis,” and that the men are inter- 
ested in and will be associated with anal- 
ysis. Knowing the type of individuals 
with which we have to deal, the next step 
is to examine their educational back- 
grounds and provide a program which 
will fill their needs. 


What Background Is Essential 


The mechanical engineering graduate 
enrolling in a Machine Design Master’s 
program may be expected to have the fol- 
lowing undergraduate training in perti- 
nent subjects: 


One year of engineering mechanics, in- 
eluding statics and dynamics. 

One-half year of strength of materials, 
including laboratory. 

One-half year of kinematics of ma- 
chines. 

One year of design of machine ele- 
ments. 

Mathematies through differential equa- 
tions. 

One year of thermodynamies, of chem- 
istry, and of electricity. 


Graduates in other engineering fields or 
those having deficiencies in any of these 
subjects would be required to make them 
up before being admitted to graduate 
standing. This list is not unduly restriec- 
tive when compared with current me- 


+ During the 1950-51 year the Machine 
Design Division at Case served 46 graduate 
students representing 30 Cleveland indus- 
tries. 
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chanical engineering curricula. It is 
rather a minimum requirement which at- 
tempts to balance reluctance to start at 
too low a level against the desire to in 
clude, for example, an electrical engi- 
neering graduate whose objectives have 
been modified by his work. Most me- 
chanical engineers who have studied ma- 
chine design would have more than met 
the specification. 


Scope of Program and Course Content 


The requirements for the Master of 
Science include ap- 
proximately 30 credit hours of study be- 
yond the Bachelor’s level including a six 
to ten credit hour thesis. 

In Machine Design the Master’s pro- 
gram should offer the student, recogniz- 
ing tha he is primarily a coordinator 
and user of technical information rather 
than a discoverer, an opportunity to con- 
solidate and extend his knowledge, rather 
than an intensive study of a specialized 
area. 

In view of this objective, the value of 
a research thesis which uses a large por- 
tion of the student’s program should be 
earefully weighed. For the student with 
minimum preparation, additional courses 
would probably be more valuable. 

The core of the mechanical design- 
er’s problems—determinations of foree, 
stress, deflection, wear, motion, vibration 
—lies in the Mechanics. The 
course work should, therefore, give the 
student further study in Strength of Ma- 
terials and Elasticity, in Kinematics and 
Dynamies including vibration problems, 
and in Experimental Stress Analysis. It 
should also leave him some time for di- 
versification this should be re- 
quired—and perhaps some to pursue a 
particular interest. Courses in materials 
properties and fabrication—metallurgy 
and chemistry should be useful, as well as 
electricity, heat-power, industrial engi- 
neering, and servo-mechanisms. 

A typical program for a 
having minimum preparation follows: 


degree ordinarily 


realm of 


indeed 


eandidate 
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1. Vibration Problems:t A three or 
four hour course in vibrations in linear 
mechanical systems using a text such as 
Den Hartog, Timoshenko, Thomson, or 
Freberg and Kemler. 

2. Advanced Strength of Materials: t 
A three hour continuation of the ele- 
mentary course taking up the various 
methods of computing beam deflections, 
strain energy methods, elastic stability 
and column action and three dimensional 
stresses and strains at a point. 

3. Kinematics and Dynamics of Ma- 
chines: A four hour critical survey of 
basic kinematics and dynamics, prefer- 
ably using the methods of vector analysis 
and graphical procedures, and their ap- 
plications to machine analysis. Topics 
include static and dynamie force anal- 
yses, inertia in rotating systems including 
gyroscopic effects, critical speeds, and 
cam dynamics. 

4. Problems in Machine Design: A 
four hour course illustrating analytical 
technique in a variety of design situa- 
tions. The problems are selected to fill 
gaps left by the other courses and gen- 
erally stem from the instructor’s experi- 
ence. Subject matter includes hydro- 
statie and hydrodynamic lubrication with 
special emphasis on internal combustion 
engine bearing design; determination of 
reciprocating engine rod and main bear- 
ing loads; involute trigonometry as ap- 
plied to gear design and the practice of 
pyramiding, and to involute splines and 
measurements for inspection; a thorough 
study of the ASME Shaft Code for the 
purpose of reviewing strength of ma- 
terials with an application to the design 
of a toggle type impact extrusion press; 
stress and deformation studies of parts 
made at room temperature but used at 
both high and low extremes; fluid coup- 
lings and torque converters with empha- 
sis on the matching of a converter to an 
engine—ete. 

5. Applied Elasticity: A three hour 
course using the second volume of Timo- 


+Open to undergraduates majoring in 
Machine Design. 


shenko’s “Strength of Materials” as a 
text and including the subjects of beams 
on elastic foundations, bending of thin 
plates, curved beams, torsion, and contact 
stresses. 

6. Experimental Stress Analysis: A 
four hour course in the most important 
experimental methods, including two and 
three dimensional photoelasticity, brittle 
models and lacquers, mechanical and elee- 
trical strain gages, and membrane anal- 
ogy method. The importance to machine 
dvsigners of the use of electrical methods 
for foree and vibration measurements is 
to be emphasized. 

7. The remainder of the student’s pro- 
gram is composed of either thesis or 
course work and is arranged in consulta- 
tion with his advisor to serve best the stu- 
dent’s objective. This might include a 
minimum of eight credit hours for the 
student with minimum preparation to a 
maximum of about fifteen hours by one 
who had majored in machine design as 
an undergraduate, and who might have 
taken as senior electives either Vibration 
Problems or Advanced Strength of Ma- 
terials, or both. 


It is evident that the minimum prepa- 
ration student, to obtain the desired di- 
versification, should schedule course work 
rather than thesis. These courses could 
be chosen from a list similar to the fol- 
lowing : 


Advanced Heat Power Analysis, 

Electronics, 

Machine Analysis, 

Mechanical Analysis of High Tempera- 
ture Machinery, 

Metals and Alloys, 

Methods Engineering, 

Physical Metallurgy, 

Plasties, 

Servomechanisms or Automatie Con- 
trols, 

Statistical Quality Control. 


The better prepared student might be 
permitted to elect a thesis as part of his 
program. A flexible policy with regard 
to length of the thesis project is sug- 
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gested. Problems might be rated at from 
three to nine hours credit based on the 
faculty advisor’s estimate of the amount 
of work required. Thus, one student’s 
program might call for a nine hour thesis, 
and another’s (a student who would 
benefit more from course work) for a 
three hour thesis and two courses. 

Advanced mathematics as such has 
been purposely omitted. Mathematics 
courses will certainly do the student no 
harm but it is our feeling that the type 
of student who is interested in Machine 
Design is receptive to applied 
mathematics. He learns something tang- 
ible about differential equations, about 
matrices and elliptic functions from his 
courses in vibrations, elasticity and de- 
sign problems, and about vector analysis 
from his work in kinematics. However, 
we believe that Advanced Caleulus should 
be a part of the Master’s program in Ap- 
plied Mechanies. 


more 


M.S. in Applied Mechanics 


The difference between the Machine 
Design course and a program leading to 
a Master’s Degree in Engineering Me- 
chanics is the diversification of the for- 
mer. While both include some of the 
same courses, the Engineering Mechanics 
program is a more specialized one. It 
should inelude a year of Advanced Cal- 
culus and one term each of Theory of 
Elasticity and Plasticity, and by all 
means a thesis. The Engineering Me- 
chanics major is a specialist whom the 
machine designer among others consults 
when necessary. For him we propose the 
following: 

1. Advanced Calculus: One year’s 


work (2 semesters, 3 hours each) inelud- 


**Tf thesis credit is given on an esti- 
mated time of 3 x 15 = 45 hours work per 
hour of credit, small problems could be as- 
signed with credit from one hour up, and 
would include a written report. Only theses 
carrying six or more hours of credit would 
be bound and stored in the school library. 
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fundamentals, infinite 
Beta and Bessel fune 
introduction to vector analysis, 
complex variables and partial differential 
equations. Wood’s “Advanced Caleulus” 
is probably a suitable text. 

2. Vibration Problems: A three or four 
hour course the same as the one recom 
mended for the Machine Design man. 

3. Theory of Elasticity: A three hour 
study of the mathematical theory of elas 


review of 
Gamma, 


ing a 
series, 


tions, 


ticity, general properties of stress tensor 
and strain tensor, two dimensional prob 
lems solved by Airy’s function, elemen 
tary three dimensional problems, ete. 

1. Theory of Plasticity: A three hour 
course covering the mathematical theory 
of plasticity; the laws of plastic flow, 
plastic flow in thick walled sphere and 
thick walled tube; plastic torsion, bend 
ing, ete. 

5. Thesis: An _ individual 
problem worthy of nine credit hours. 

6. The remaining credit hours to be se 
lected from such courses as— 


research 


Advanced Engineering Dynamics 
Applied Elasticity 

Experimental Stress Analysis 
Theory of Plates and Shells. 


Summary 


We have shown that a Machine De- 
signer is inherently a practical person 
who uses rather than discovers technical 
facts. Although he may be called upon 
to be both analyst and inventor, he is 
likely to be better at one than the other, 
and he has been in the business long 
enough to know which he prefers. We 
have shown too that graduate work is 
best suited to the needs of the analyst 
but that the type of analysis is diversi- 
fied. Thus it is necessary for a mechani- 
eal designer to know something about a 
great many things, which distinguishes 
him from his close relative the “applied 
mechanics major” who knows a great 
deal about a few of the designer’s prob 
lems. 
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Discussion 
By VENTON L, DOUGHTIE 


Professor of Mechanical Engineering, University of Texas 


I first would like to express my thanks 
to Professors Slaymaker and Wright for 
putting in print their ideas as to what 
“Graduate Work in Machine Design” 
should be. This is a topic which has 
many ramifications. To have found two 
people to co-author a paper on this sub- 
ject is indeed a milestone in machine de- 
sign education. I remember back in the 
early thirties when the late Professor F. 
L. Eidmann of Columbia University was 
editor of the Machine Design Bulletin, 
Advanced Machine Design Courses were 
considered for two years. All of us en- 
tered into the discussion, but no definite 
conclusions were reached. 

For the most part I agree with Pro- 
fessors Slaymaker and Wright, but there 
are a few ideas which I would like to in- 
ject into the thinking. The authors’ 
statements that, “Undergraduate Machine 
Design is the one subject which makes use 
of all previous courses” and “Subject- 
wise, the student meets nothing new in 
Machine Design. He simply applies 
what he has already learned” are well 
written. But I fear that our fellow staff 
members in Mechanical Engineering 
would -not necessarily always agree to 
these statements. Often the Machine De- 
sign course is looked upon as a dull 
course in a drawing room where formulas 
and catalogues are used to obtain “a ma- 
chine” so that the student can make 
drawings. In our design courses, the 
making of elaborate drawings has been 
reduced to a minimum, drawing-room 
equipment is used as a means of obtain- 
ing results, and experimentation is often 
necessary to get an essential machine 
element. 

It would certainly be desirable for the 
graduate student in design to have some 
experience in this field before graduate 
study. I think any student would do bet- 
ter graduate work in any subject if he 


first had some experience; but those of us 
from state supported schools cannot pre- 
vent the student from continuing his 
graduate study immediately after receiv- 
ing his baccalaureate degree. Therefore, 
a graduate course of study must be pro- 
vided for this type of student. With the 
increased amount of knowledge appar- 
ently necessary for the young engineer, 
it might not be too far amiss for him to 
do graduate work in Machine Design im- 
mediately after obtaining his first degree. 
Most of the courses, which Professors 
Slaymaker and Wright suggest for grad- 
uate students in Machine Design, could 
be as well handled by the recent graduate 
as the individual who has spent some time 
in industry. Some phases of the work 
could be more easily mastered, because 
the recent graduate would have his funda- 
mentals more readily in mind. Included 
in this group would be Vibration Prob- 
lems, Advanced Strength of Materials, 
Dynamics of Machines, Applied Elastic- 
ity and Experimental Stress Analysis. 
The recent graduate could receive a great 
deal of benefit from the course, Prob- 
lems in Machine Design, provided the 
course contained practical as well as the- 
oretical applications. I would also like 
for the student to have courses in Physi- 
eal Metallurgy, Servomechanisms and 
Production. It is probably true that in- 
genuity cannot be taught and that “know- 
how” is absolutely necessary, but I be- 
lieve that a student who has the interest 
for graduate design study could and 
should be taught how things are made, 
tool and machine limitations, cost anal- 
ysis, and how America makes a living. 
There is no substitute for practical ex- 
perience, but a course on Production 
taught by a man with some production 
experience and a design background, ean 
be beneficial to the person going into the 
design field. 
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I do not agree with the authors that 
course work may be substituted for a 
thesis. Perhaps this might be justified 
in the case of the person with consider- 
able design experience. The library work 
in determining what is known about a 
subject gives the student essential train- 
ing. The analysis of the problem to de- 
termine the factors involved, their inter- 
relationship, and the procedure for test 
is design at its best. Planning the test 
set-up and building a part of it teaches 
such important lessons as: how it is con- 
structed, whether or not it functions 
properly, can it be built economically, 
and is it better than other possible mech- 
anisms designed for the same purpose. 
The experimentation, probably the first 
without a complete set of instructions, 
and the determination of the results will 
not only bring out the fact that theory 
and practice do not always agree, but 
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that test results are sometimes unpredict 
able. Then finally the production of a 
thesis is an experience in the writing of 
an engineering report or technical publi- 
eation that is invaluable. It takes time, 
and often there is not a definite contribu 
tion to the knowledge of the world, but 
sometimes negative results are useful. I 
believe six hours credit 
the master’s thesis. 

To briefly sum up my thoughts, (1) I 
would not limit graduate work in machine 
design to only those who had experience 
in design; (2) in addition to the analyti- 
eal courses, I would inelude courses on 
Production, Metallurgy, and Servomech 
anisms; (3) in the so-called Advanced 
Machine Design Course, I would include 
some practical problems which would 
tease the student’s ingenuity; and (4) I 
would require a thesis. 


is sufficient for 


College Notes 


Antonio Ferri, a pioneer in flight at 
speeds exceeding sound, who came to 
this country during World War II, to 
take part in the war effort under the 
auspices of the Office of Strategic Serv- 
ices of the U. S. War Department, has 
Professor of Aerody- 
namics at the Polytechnic Institute of 
Brooklyn, it was announced yesterday by 
Dr. Harry S. Rogers, president of the 
Institute. 


A new professorship in metallurgical 


‘engineer has been established at Car- 


Vii 


negie Institute of Technology through a 
grant from the Jones & Laughlin Steel 
Corporation, according to a joint an- 
nouncement today by Carnegie President 
J. C. Warner and Admiral Ben Moreell, 
president of Jones & Laughlin. The new 
chair, supported by a grant of $15,000 
per year, will be held by Dr. Gerhard J. 
Derge, professor of metallurgical engi- 
neering and a staff member of Carnegie’s 
Metals Research Laboratory. Part of 
this sum will be used for research and 
equipment. 











Mathematical Engineering Analysis 


By RUFUS OLDENBURGER 


Mathematician-engineer, Woodward Governor Company, Rockford, Illinois 


Industry is placing increasing emphasis 
on engineering analysis, namely, the 
mathematical treatment of engineering 
problems. Engineering analysis involves 
the setting up of physical systems in the 
form of mathematical equations, gen- 
erally differential equations, and the solu- 
tion of these equations. The problem of 
solving the equations is the concern of 
many courses in mathematics and some 
of the newly created ones on computing 
machines. Many fine textbooks are avail- 
able on these subjects, and they are often 
well taught. Instruetion in the setting 
up of equations is a more difficult matter. 
Although this is one of the aims of any 
engineering curriculum, and the student 
will learn something about this from his 
regular engineering courses, the engi- 
neering graduate is generally ill equipped 
to step into industry and predict the 
performance of equipment, except for a 
few devices in which he has been es- 
pecially trained. Thus the mechanical 
engineering graduate may know how to 
calculate the characteristics of a steam 
turbine of a particular type by methods 
worked out by others who were able to 
write down the equations, but may be 
completely at a loss to calculate the per- 
formance of a rocket for which equa- 
tions have not been worked out by some- 
one else, or for which a pattern of caleu- 
lation has not been established. Even 
though the equations for a device have 
been worked out, one often does not 
have the time to look them up. 

As labor and materials have become 
more expensive the necessity for analyz- 
ing equipment to avoid building some- 
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thing that will not work has increased 
considerably. Because engineering de 
vices often involve components from all 
of the major fields of engineering, the 
engineer is being called on more and 
more to analyze components in other 
branches than his specialty. Thus an 
electrical engineer may design a solenoid 
valve for controlling gasoline flow, and 
will need to know some hydraulic theory 
to study the valve. Large manufactur- 
ing establishments may have a hundred 
or more people whose principle task is 
engineering analysis. These people are 
sometimes mathematicians and physicists, 
but more often engineers with a little 
more training in mathematics and phys- 
ies than the average engineering grad- 
uate. Although large corporations ean 
afford to have members who devote their 
entire time to engineering analysis, it is 
necessary for the average engineer con- 
cerned with research and development to 
make his own analyses. The demand for 
courses devoted entirely to this subject 
has therefore increased considerably in 
the last few years. For this reason the 
author introduced a four semester hour 
course in engineering analysis both at the 
Illinois Institute of Technology and De 
Paul University, designed for seniors and 
graduate students, along the lines to 
follow. 

Although the subject deserves more at- 
tention than one course will allow, the 
tightness of present engineering sched- 
ules makes it advisable to begin a eur- 
riculum in engineering analysis with one 
course only, running over one semester. 
Although it is desirable for students to 
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have had some contact with differential 
equations and advanced caleulus, these 
are by no means necessary since what- 
ever the professor needs from these sub- 
jects he can supply, or will have to re- 
view anyway. 


Course in Formulating Engineering 
Problems 

A course in the setting up of engineer- 
ing problems in mathematical form should 
have at least the following major ob- 
jectives. First, as far as possible the 
student should be taught a logical, rigor- 
ous mathematical picture of the domains 
of engineering to be covered, so that the 
student will see just how the laws he 
uses fo set up a particular problem fit 
into the basic theory of the field. In this 
way he can better appreciate the limita- 
tions of these laws, and select the ones to 
be applied. 

Secondly, the student should be taught 
various principles for setting up equa- 
tions. These principles are concerned 
with the technique of setting up equa- 
tions, rather than the mathematical laws 
used. Such principles are often assumed 
implicitly by the analyst, but may not be 
obvious to the initiate. For example, if 
an analyst has set up his problem by 
neglecting certain factors, he ean intro- 
duce these factors individually. If his 
results in each case are unchanged, he may 
suppose with confidence that if he in- 
troduced these factors simultaneously his 
results would be unchanged, whence his 
neglect of all of these factors in his initial 
analysis is justified. It is the author’s 
experience that such principles can well 
be taught during the solution of practical 
problems so that these principles take on 
immediate everyday significance. 

Thirdly, the student should be shown 
how a wide variety of frequently oceur- 
ring practical problems are set up to a 
precision needed in industry. The equa- 
tions so obtained should be as simple as 
possible because the efficient treatment of 
a problem generally implies the deriva- 
tion of a simple set of equations whose 
solution can be obtained with a mini- 


mum amount of effort to no more ae 
curacy than is required for the problem, 
or allowed when unknown factors are 
considered. 


Division of Subject Matter 


In a one semester course on the setting 
up of equations for physical systems it is 
not possible to cover ail of the major 
branches of engineering. One solution is 
to treat the mechanies of particles and 
rigid bodies, fluid mechanies, heat, and 
electrical engineering. A possible divi- 
sion of subject matter is the following. 


Mechanies—5 weeks (20 hours 


Mechanies of particles 1 hour 
Mechanies of rigid bodies, 

especially linear motions $ hours 
General treatment of forces 

which oceur in nature 1 hour 
Review of ordinary linear 

differential equations 2 hours 
Applications to engineering 

problems in linear motions 

and methods of making 

simplifying assumptions { hours 
Theory of rotational motion 

about an axis 1 hour 
Problems involving rotations, 

and combinations of linear 

and rotational motion 3 hours 
General principles for setting 

up mechanics problems 1 hour 


Dimensional anslysis with appli 
eations to mechanics problems 3 hours 
Fluid mechanics—3 weeks (12 hours 
Basie equations of fluid flow 
(force, continuity, and 
energy ) 
Applications to flow of 


liquids (such as water t hours 
Theory and applications 

to aerodynamics 2 hours 
General principles for setting 

up fluid mechanics problems 1 hour 
Dimensional analysis applied 

to fluid problems 2 hours 

Heat—3 weeks (12 hours 

Laws of thermodynamics 3 hours 
Applications to thermodynamics 

problems (such as the flow 

of gases) 3 hours 
Laws of heat transfer 2 hours 
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Applications of heat transfer 


theory 2 hours 
General principles in the 

analysis of heat problems 1 hour 
Dimensional analysis applied 

to heat problems 1 hour 


Electricity and magnetism—3 weeks (12 

hours) 
Commonly applied laws (such 

as those of Kirchhoff for 

networks and Faraday for 

induced electromotive force) 5 hours 
Applications to engineering 

problems 5 hours 
General principles in the 

analysis of electrical and 

magnetic problems 1 hour 
Dimensional analysis applied 

to electrical engineering 

problems 1 hour 


The remainder of the course can be 
alloted to tests, discussion of problems, 
and the final examination. 

The portion of the course devoted to 
mechanics can be given in a completely 
logical, rigorous manner, on the assump- 
tion that the student has the mathemati- 
eal background in hand. Because me- 
chanies is so basic to all engineering, and 
can easily be taught in a logical way, it 
is desirable to devote a fair portion of 
the course to this subject: Except for a 


few notions which must be borrowed 
from the theory of elasticity, the subject 
of fluid mechanies can also be taught in 
a completely logical manner in a rea- 
sonable amount of time. This is not true 
of the subjects of heat, electricity, and 
magnetism. Thus in heat transfer the 
proof of the Stefan-Boltzmann radiation 
law is much too involved to be included 
in the course. Further, it is not possible 
to treat properly the theory of electricity 
and magnetism in completely logical de- 
tail, and it will therefore be necessary 
to explain the meaning of the laws, and 
leave the details to be filled in by the 
student at his leisure. 

In the course described above the pro- 
fessor can give the student some back- 
ground in the rapidly developing field 
of engineering analysis, teaching him 
basic principles and giving him con- 
siderable practice in the setting up of a 
wide variety of engineering problems in 
mathematical form. 
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Bibliodynamics Laboratory 


3y GEORGE S. BONN 


Associate Librarian, The Rice Institute 


The most expensive single piece of 
laboratory equipment in almost any engi- 
neering school in the country is its sei- 
ence-technology research library. Be- 
sides being expensive, it is relatively 
complex in theory, fairly complicated in 
construction, sometimes baffling in oper- 
ation technique, frequently diffieult in 
interpretation of results obtained, and 
always dangerous to misuse. It is a sen- 
sitive, though not necessarily a delicate, 
precision instrument—a _ well-designed 
and finely-engineered mechanism. Yet, 
how much real training in its use do stu- 
dents and research workers (and faculty, 
for that matter) get in the course of their 
college careers? Precious little, judging 
from information available in engineer- 
ing college catalogs. (Columbia, of 
course, has been the perennial excep- 
tion.) 

A well-stacked research library with 
long runs of journals and an extensive 
collection of current reference books ean- 
not be duplicated these days for much 
less than $15 a volume, all things consid- 
ered. Just take a look at any of the pe- 
riodical catalogs that are sent out from 
time to time by the various dealers in 
back sets of research journals, if you 
don’t believe it. A pertinent example of 
cost might be this one: The median size 
of 31 engineering departmental libraries 
within university libraries, according to 
an Engineering School Libraries Survey 
in 1948-1949, was 13,000 volumes, and 
the sizes of the 31 libraries ranged from 
about 2000 to over 63,000 volumes. The 
replacement value of this median library 
today would be close to $195,000, no 
small sum in anybody’s budget. And 


there are a good many excellent research 
libraries that are many times larger than 
this median departmental library. 

Yet, every day scores of complete (or 
almost complete) tyros, and 
fledgling research workers are turned 
loose on this expensive and defenseless 
piece of equipment in almost every school 
in the country. 


novices, 


Bibliocom plexes 


There have been volumes written about 
the three-dimensional character of the 
inter-relationships between segments of 
the world’s knowledge and about the 
problems of applying such a three-dimen- 
sional classification system to a two-di- 
mensional book classification scheme so 
that books, in libraries for instance, can 
be shelved in a linear arrangement. 
There are volumes on the principles of 
eataloging books according to subject 
matter within this required two-dimen- 
sional system, just one of numerous eata- 
loging problems confronted in every li- 
brary. 

Another time-consuming problem, both 
to the cataloger and to the subsequent li- 
brary user, is the little matter of catalog 
entries. Briefly, the philosophy of eata- 
loging is based largely on the admonition 
to render unto Caesar those things that 
are Caesar’s; the only catch is in being 


mighty sure of your Caesar. For in- 
stance, the official journals, bulletins, 


transactions, proceedings, and the like of 
learned and professional societies are al- 
ways cataloged (and listed) under the 
names of the societies, unless the publi- 
cations have more distinetive titles. But 
most other publications come under their 
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given titles. A small point, perhaps, but 
knowing a little bit about the theory be- 
hind this apparent chicanery will save 
the library user many moments of mad- 
dening frustration. And there are other 
bibliocomplexes founded or confounded 
on what seems to be sheer caprice on the 
part of the librarians; these have a way 
of popping up at the most awkward 
times as the users of our libraries dis- 
cover for themselves through nothing 
better than personal perseverance. 

The very construction of the library 
presents difficulties to most users; not 
only the construction of the building it- 
self but also the construction of the cata- 
log and of the system for shelving pe- 
riodicals, to mention a few. Older li- 
braries have construction problems that 
are present in absolutely nothing else but 
in older libraries. For one thing, they 
all have edifice complexes. They are 
usually modeled after some Gothic pile, 
a chapel or an Old English dining hall 
or something else equally inspirational. 
There is hardly a functional stone in 
them and the one ray of light that slips 
in through each slim medallioned window 
does little to guide the weary searcher in 
his quest for truth. If the stacks are 
open and there is enough light to see by, 
the quester may find that bound periodi- 
cals have a shelving sequence entirely in- 
dependent of everything else, based either 
on some alphabet or on the individual 
size of each journal. Even more re- 
cently-built libraries have the double 
standard in their shelving procedures, 
large volumes being arranged in a sepa- 
rate sequence from the one in which the 
ordinary-sized or small volumes are 
shelved. And the construction (or divi- 
sion or arrangement or what have you) 
of the ecard catalog, the real key to the 
library’s treasures, is at times so baffling 
as to preclude even the most rudimentary 
search without some initiation into its 
mysteries. 

Where to attack a room full of reference 
books, encyclopedias, handbooks, index 
services, abstract services, dictionaries, 
and several card catalogs is a decision 


that even the most hardy and ingenious 
soul at times finds difficult to make. 
Without an intelligent $.0.P. or more 
luck than might be reasonably expected, 
the hopeful novice is simply stopped in 
his tracks. Operation Killer seems tame 
in comparison with Operation Library, to 
our particular hero at any rate. Not 
knowing where to attack first our Don 
Quixote turns his lance on—yes, you 
guessed it—the person seated behind “the 
desk,” the only one who looks at all 
official. 

The neophyte seminar student or 
fledgling research worker tracking down 
references reminds one of nothing so 
much as a sad-eyed bloodhound. With 3 
by 5 eards full of hieroglyphies, numbers, 
signs, letters, and punctuation marks, he 
tries his best to pin down the elusive bit 
of information he hopes to have verified. 
He surmises, he guesses, he cusses, he fol- 
lows tips, he flips pages, he pounces upon 
clues until finally he wears out his pa- 
tience and calls down a pox on the whole 
business. Getting a cardful of references 
to be unearthed is one matter, but inter- 
preting them is quite another more often 
than not. Experience is, indeed, a hard 
master. 

Now, it must be recognized that these 
hibliocomplexes and most others that li- 
brary users come up against are part and 
parcel of. any good seience-technology re- 
search library that covers any appreci- 
able portion of the world’s knowledge, 
just as complex mechanisms and compli- 
cated scientific theories are part and par- 
cel of any piece of laboratory equipment 
that is used for more than a foot rule. 
The tyro in any science or engineering 
lab is on a par with the novice in a sci- 
ence-technology library; both are con- 
fronted with what has come to be known 
as the innate ecussedness of inanimate 
objects. Engineers are constantly work- 
ing on the simplification of both machin- 
ery construction and machinery opera- 
tion; so, too, are librarians working on 
the simplification of library construction 
and library operation. (Paradoxically, 
both engineers and librarians are build- 
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ing, at the same time, more and more 
complicated devices to do more and more 
complicated operations on more and more 
complicated problems that have arisen 
because of our ever-increasing accumula 
tion of knowledge!) 

Among the several purposes for labor- 
atory instruction in one of the engineer- 
ing departments at Northwestern Univer- 
sity, for instance, are these: “To acquaint 
the student with machines and instru- 
ments and their use in engineering test- 
ing,” and “To develop resourcefulness in 
setting up the apparatus, abstracting the 
pertinent data and drawing sound con- 
clusions therefrom.” In the first lab 
course in this department, some 50 per 
cent of the time is spent directly on in- 
struments and testing, and another 20 
per cent of the time on instrument and 
machine construction. In_ beginning 
courses in other engineering labs up to 60 
per cent of the instructor’s time is spent 
on instruction in the use of equipment 
and attendant ramifications. These same 
percentages hold true in many other 
schools, too, no doubt. In every case, in- 
tensive training is given the student at 
the time he most needs it: when he is first 
confronted with the problem of actually 
using the equipment for its intended pur- 
pose. It is then that the training is 
necessary both for the preservation of 
the equipment and for the education of 
the student; the training will sink in 
when the student appreciates its signifi- 
cance. 


Bibliotechnical Training 


It can be said with a great deal of 
truth that freshman English courses or 
freshman engineering-orientation lectures 
introduce the new students to the library. 
Unfortunately, however, the student has 
no continuing interest in the library more 
than that which might be required for 
him to write the term paper for English 
101; the library, if it’s a decently quiet 
and properly lighted one, becomes there- 
after a place to: (1) study homework, 
(2) rest, (3) get dates, (4) read the 


newspaper, or, though rarely, (5) look 
at pictures in engineering magazines. 
Three or four years later after any ink- 
ling whatsoever of what the library can 
do for the student has long since dis- 
appeared, our junior or senior gets his 
comeupance in an undergraduate (or 
even graduate) seminar or a literature 
survey course. Having once heard about 
the library as a freshman he is turned 
loose in it with great expectations, but 
with what disastrous results. 

And it ean also be said with truth that 
many high schools have excellent library 
training in certain courses. So do they 
have excellent manual training and me- 
chanical drawing and chemistry and 
physies courses and labs. But the differ- 
ence between what the student gets in 
high school and what he gets in college 
is, to say the least, appreciable, even 
though the courses have similar subject 
approach. And the difference between a 
high school (or a braneh publie) library 
and a good science-technology library is 
also appreciable. It should be noted, 
though, that good library habits learned 
at the impressionable high school age 
seem to stand the student in good stead 
for quick assimilation of research library 
techniques later on. 

It is true that most subject literature 
or seminar courses allow an hour or so on 
“the important sources of information” 
(or some such wording) in the particular 
field under consideration before the stu- 
dent is sent on his merry way. The re- 
sults are about the same regardless of 
when the student gets his library brief- 
ing: the library staff gets each student in- 
dividually and gives him just such infor- 
mation as the student wants for his im- 
mediate problem; the next time the same 
student will have a different problem, and 
the next time, and the next, ad gradua- 
tion. These results are inevitable when- 
ever the student becomes interested in a 
different, though related, field. However 
useful they are in keeping the library 
staff busy (and therefore happy because 
the statistics are going up) these results 
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are also flagrant evidences of inefficient 
use of the time of everybody concerned, 
the student, the instructor, and the li- 
brary staff member. 

There are some who may question the 
necessity or even the value of more than 
mere briefing in the proper use of a sci- 
ence-technology library for undergradu- 
ate students. If the purpose of engineer- 
ing education is to turn out mere techni- 
cians, intelligent equipment operators, or 
brilliant slide-rule manipulators, then 
there is no point in spending more than 
a minimum time on library introduction. 
But if the purpose of engineering edu- 
‘ation is to give students a sound basis 
for furthering their own ambitions 
through continued study and interest in 
the field of engineering and to help stu- 
dents set patterns of scientific thinking 
that will be useful to them the rest of 
their lives, certainly they must be ac- 
quainted with and have respect for a 
good science-technology library and they 
must know how useful it can be in what- 
ever field of work they find themselves. 


It should be the purpose of any train- 
ing in library usage first, to acquaint the 
student with the technical literature of 
engineering in general and of his own 
field in particular; second, to introduce 
the student to the literature of allied 
fields of science and to the literature of 
the social sciences and of the humanities; 
third, to prepare the student to make an 
efficient literature search; and fourth, to 
acquaint the student with the resources 
of his own engineering school library. 

Instruction in the proper use of a piece 
of lab or research equipment is neces- 
sary so that the device may be put to the 
most efficient use for which it was in- 
tended. Machines that are expensive, 
hazardous, delicate, sensitive, complicated 
in theory, complicated in construction, 
complicated in operation technique, or 
complicated in the interpretation of re- 
sults all require—and get—expert care 
and training in their operation. Why 
shouldn’t the science-technology library 
which is, in its own way, just as needful 
of proper care and training in its use? 


College Notes 


Dr. Harry P. Hammond, Dean of the 
School of Engineering at the Pennsyl- 
vania State College, retired with emeritus 
rank on September 1 and was succeeded 
by Dr. Erie A. Walker, Director of the 
Ordnance Research Laboratory and Pro- 
fessor and Head of the Department of 
Electrical Engineering. ; 

The research program in the School of 
Engineering made phenomenal gains dur- 
ing Dean Hammond’s 14 years at Penn 
State, and today Penn State ranks 


among the leaders of all the institu- 
tions of the nation in funds budgeted 
for research conducted by its School 
of Engineering. Physical facilities of the 
School have also been expanded with the 
Electrical Engineering Building, which 


was started soon after Dean Hammond’s 
appointment, completed in 1939, and the 
Civil Engineering Surveying camp con- 
structed in 1940 and others. 

During his years at Penn State, Dean 
Hammond won two of the top national 
engineering awards. In 1945, he was 
presented the Lamme Award, the top 
honor in the field of engineering educa- 
tion, while last year he was given the 
James H. MeGraw Award in Technical 
Institute Education by the American 
Society for Engineering Education. 

In World War II, Dean Hammond 
served as a member of the National Ad- 
visory Committee of Engineering De- 
fense Training and was in charge of the 


(Continued on page 187) 
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Thermodynamics for Graduate Students* 


By ALI BULENT CAMBEL 


Assistant Professor of Mechanical Engineering, State University of lowa 


Teaching advanced thermodynamics to 
graduate students is more difficult than 
teaching the basic discipline to under- 
graduates because for the former there 
are neither prescribed curricula nor 
standard texts. The instructor must be 
the sole and uncertain judge of what and 
how to teach future thermodynamicists. 

In considering the problems involved 
in teaching of advanced thermodynamics, 
the first question which may be posed is: 
To what career does a graduate student 
specializing in thermodynamics look for- 
ward? Probably to scientific rather than 
production or maintenance work, either 
in an educational institution or in a re- 
search laboratory. The next question is: 
What is meant by scientific work in the 
field of thermodynamics? And the an- 
swer: Scientific work in thermodynamics 
is research and development leading to 
more economical or heretofore unknown 
conversions of thermal energy. The final 
question which may be asked is: Is there 
any need for research in thermody- 
namics? Definitely, yes. If we consider 
the depletion of our conventional fuels 
and resources, the needs of the atomic 
era, flight at great speeds and high alti- 
tudes, to say nothing of the intellectual 
challenges of the endless frontiers of sci- 
ence, we become convinced that there is 
definite need both for thermodynamie re- 
search and for the development of re- 
sourceful thermodynamicists who are able 
to execute such research development. 





* Presented before the Mechanical Engi- 
neering Division at the Annual Meeting of 
the ASEE, East Lansing, Michigan, June 
27, 1951. 


The initial training of future thermo- 
dynamicists takes place at the graduate 
level at which objectives for teaching are 
different from those for undergraduate 
instruction. In the teaching of thermo- 
dynamies to undergraduates the objee- 
tive is to acquaint the student with fun- 
damental laws and the standard applica- 
tions of them. With graduate students, 
the purpose is not to repeat what has 
already been taught, but to deduce with 
them the various implications of the 
fundamental laws, to test the possibility 
of new applications of the laws, and to 
lead them to apprehend the logie of 
thermodynamics. Obviously, therefore, 
the teaching of future pioneers in thermo- 
dynamics will properly be more eclectic 
than dogmatie. 

When the thermodynamicist does sci- 
entifie work, investigating little known 
phenomena or developing new devices, 
how does he conduct his research? 
Either in some unorganized, trial-and- 
error way or in an organized and con- 
trolled manner. Undoubtedly the latter 
is preferable, because we can no longer 
afford to waste time, money, and human 
lives. 

Organized research means, first, that 
which is based on analytical or empirical 
justification or on both. The research 
worker who does not know well the theory 
of his discipline ean produce at best 
only mediocre work. Helmholtz advised, 
“There is nothing more practical than a 
good theory.” 

Second, organized research means that 
which is carried on methodically. Inves- 
tigations in thermodynamies, as in any 
other field in which the frontiers of 
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knowledge are to be pushed outward, 
must go through four stages. First, a 
general phenomenological knowledge of 
the possible events must be established 
from laboratory observations or from 
previous experience. Second, with this 
rough idea, an analysis should be made 
to formulate a mathematical expression 
of the phenomena. Third, this mathe- 
matical analysis must be experimentally 
proved. Many brilliant mathematical de- 
rivations do not truly represent the phe- 
nomenon described. Only a laboratory 
test of mathematical predictions can es- 
tablish their validity. The design of the 
instrumentation for laboratory measure- 
ments as well as the measurements 
themselves will be determined by the 
mathematical analysis so the mathe- 
matics should be in a form that can be 
conveniently translated into a material 
state. Fourth, the data must be or- 
ganized and from them a theory devel- 
oped which is valid both mathematically 
and experimentally. Therefore, organ- 
ized research in thermodynamics is based 
on sound justification and proceeds 
through a cycle of observation, formula- 
tion, measurement, and generalization. 
If this method of systematic study is 
inculeated into our graduate students we 
may expect to see some very fruitful 
work produced. 


A Graduate Course in Thermodynamics 


With the type and manner of work of 
the thermodynamicist defined, a method 
of preparing graduate students for such 
a career can be proposed. The three 
credit hours, one semester course which 
has been offered for the past two years 
in the Mechanical Engineering Depart- 
ment of the State University of Iowa is 
open only to graduate students who are 
working towards the master’s or the doc- 
tor’s degree. The prerequisites are 
undergraduate thermodynamics, fluid me- 
chanies, and engineering mathematics. 

Undergraduate courses in thermody- 
namics and fluid mechanics are clearly 
explained in the requirements of the 
ECPD, but “engineering mathematics” 


perhaps should be defined as a course be- 
yond the caleulus. Most institutions now 
require such a course, sometimes called 
“applied mathematics,” which, though 
differing among institutions, usually in- 
cludes ordinary and partial differential 
equations, theory of equations and vector 
analysis. 

In our “Mathematical and Experi- 
mental Thermodynamics” the approach 
to thermodynamics is classical rather 
than statistical, because the mechanical 
engineer is concerned with macroscopic 
rather than microscopic systems. The ma- 
terial covered may be outlined in the 
sequence usually followed: 

1. The Concept of Temperature and the 
Zeroth Law. The general mathematical 
expression for a thermometrie scale is 
presented and the methods of constructing 
thermometers utilizing various thermo- 
metric properties are explained. The 
possible errors in thermometers are dis- 
cussed and time lag is considered both 
analytically and physically. The course 
is started with thermometry because the 
student has dealt extensively with the 
use of thermometers and therefore he is 
at least on familiar ground when he is 
first asked to use mathematics and re- 
late it to empiries. 

2. The Equation of State and Thermal 
Coefficients. The technique of setting 
up state equations is demonstrated and 
the interrelationship of thermal coeffi- 
cients is explained. It is indicated that 
thermodynamical coefficients are expres- 
sible by partial derivatives. Then the 
instrumentation necessary for the quan- 
tative measurement of these coefficients 
is described. On the basis of the difficul- 
ties of measurement encountered in in- 
strumentation the suggestion is made 
that it is often convenient to transform 
an unknown thermal coefficient into one 
better known or one measured more 
easily than is the unknown coefficient 
itself. 

3. Dimensional Analysis. Though di- 
mensional analysis has been applied ex- 
tensively in heat transfer and fluid flow, 
its potentialities have not been fully ex- 
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ploited in the field of thermodynamics. 
For instance, work on the applying of 
the principles of similitude in the de- 
signing of internal combustion engines 
is already being carried on in several in- 


stitutions. Therefore, this study is very 
practical. Furthermore, the teaching of 


dimensional analysis manifests the differ- 
ence between equations in applied mathe- 
matics and those in pure mathematics. 
Further, it is emphasized that the num- 
ber of dimensionless products is not nee- 
essarily equal to the number of derived 
units minus the number of fundamental 
limits. 

4. The Line Integral. The difference 
between path functions and point fune- 
tions is demonstrated and a study is 
made of the theorems which indicate how 
a thermodynamical function may be 
tested for independence of its path. In 
studying the appropriate theorems their 
necessary and sufficient conditions are 
proved, so that the student achieves a 
better grasp of the mathematical ap- 
proach to thermodynamics. 

5. The First Fundamental Law. The 
first law is approached in accordance 
with the Poincaré view. This may have 
been expected from the study of the 
Zeroth Law. The mathematical necessity 
for the existence of internal energy is 
proved, and its being a point function is 
demonstrated. The fact that the steady 
flow energy equation is a consequence of 
the first law and that the first law is not 
derived from the steady flow equation is 
particularly emphasized. The enthalpy 
is introduced and various relations for 
computing it from other thermal coeffi- 
cients are derived. 

6. The Second Law of Thermodynamics. 
Kelvin’s temperature scale is explained 
and then Clausius’ theorem is used to 
demonstrate that the entropy is a mathe- 
matical necessity because it becomes ap- 
parent when an integrating factor is 
found in the converting of an inexact 
to an exact differential. Relations are 
developed to define the entropy in terms 
of quantities which are directly measure- 
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able, thus familiarizing the student with 
the development of thermodynamic ta- 
bles. The free energy functions of 
Helmholtz and Gibbs and Planck are 
discussed in some detail, and it is shown 
that, like the entropy, they are criteria of 


equilibrium. 
7. The Third Law of Thermodynamics. 
Although Nernst’s heat theorem has 


reached the status of a thermodynamic 
law it is rather difficult to convince stu 
dents by means of classical thermody- 
namies that the integration constant of 
the entropy differential should be zero 
at absolute zero. In explaining the third 
law the approach of Lewis and Randall 
is followed. 

8. Thermodynamie Functions. The 
Maxwell equations are derived both by 
the method of partial differential equa- 
tions and by that of analytical geometry. 

9. Functional Determinants. The fun- 
damental theorems of the Jacobians are 
proved. It is showed that these must be 
obeyed in the writing of an equation of 
state or the unequivocal determination of 
a thermodynamic state point. Norman 
Shaw’s Jacobian method in the manipu- 
lation of thermodynamic equations is dis 
cussed and the resulting relations are dis 
cussed from the point of view of ease of 
experimental determination. 

10. Thermodynamics of Fluid Flow. 
Vectorial analysis is presented as the 
thermodynamicist’s best technique for in- 
vestigating fluid flow. The discussion is 
based on the Eulerian system thus imme- 
diately restricting it to isentropic flow. 
It is showed, for example, that for irrota 
tional flow the entropy must remain a 
constant. Furthermore, it is indicated 
that for supersonic flow the characteris- 
tic equation must be expressed in hyper- 
bolie form. 

11. Gas Dynamics. The thermody- 
namies of gases at high velocities is dis- 
cussed on the basis of the energy equa- 
tion, by which losses may be accounted 
for. The Fanno conditions, the Rayleigh 
conditions, and shock phenomena are 
considered. The measurement of flow 
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quantities by the stagnation tube and the 
Toepler-Schlieren method are studied as 
the final topics in the course. 


General Comments 


To this topical outline of “Mathemati- 
cal and Experimental Thermodynamics” 
should be added some general comments: 

1. The instruction is not an attempt to 
teach thermodynamics nor mathematics 
nor instrumentation, but to show the 
mathematical and experimental  tech- 
niques available to the research thermo- 
dynamicist. 

2. The instruction attempts logically 
to develop in the student an understand- 
ing of thermodynamics by the emphasiz- 
ing of the interrelation between mathe- 
matics and experimentation. The ap- 
proach is fundamentally mathematical. 
There is no more simple nor more un- 
inhibited approach to thermodynamic re- 
search than that of mathematics. How- 
ever, experimental checking is continu- 
ally urged as a salutary rein on the 
enthusiasm of the theorist. In a erude 
analogy, mathematics is comparable with 
the vigor of youth, and instrumentation 
with the wisdom of experience and ma- 
turity. In conjunction, mathematics and 
instrumentation make up a_ powerful 
team; separately, they achieve little. 

3. The instruction indicates to the stu- 
dent some of the present limitations of 


classical thermodynamics and urges that 
he become familiar with Kinetic Theory 
and Statistical Thermodynamics. On 
the other hand it becomes evident that the 
science of thermodynamics is far from 
having been exhaustively investigated. 

4. By presenting research methods the 
instruction makes it possible for the ad- 
vanced student writing a thesis to spend 
less time developing his techniques and 
more gathering and interpreting his data. 

5. To future teachers of thermody- 
namies the instruction imparts an insight 
which can be achieved only by a philo- 
sophical approach. 

6. No attempt is made to give a physi- 
eal meaning to mathematical functions 
like the enthalpy, the entropy and the 
free energies. However, their impor- 
tanee in studying physical effects is dis- 
cussed. 

7. Research requires the drawing of 
correct conclusions from feasible assump- 
tions. In other words, it rests on syl- 
logisms which in engineering research 
are represented by mathematical relations. 

This course was instituted to transform 
graduate students into thermodynamicists 
who are prepared for their jobs and who 
ean work at them efficiently. The con- 
tent and methodology grew out of a con- 
sideration of the kind of work and the 
proper method of procedure of a scientist 
in thermodynamics. 
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Mid-Winter Drawing Division Program 
New York City, January 23, 24 and 25, 1952 


The Executive Committee has accepted 
the invitation of three New York universi- 
ties to hold the Mid-Winter Meeting of the 
Drawing Division in that city in January, 
1952. The tentative program is as follows: 


Wednesday, January 23, 1952 


At THE CoopeR UNION 


Morning 
8:30-10:00 Registration. 
Inspection of Department of Machine De 
sign and Engineering Drawing. 
Tour of Historic Foundation Building of 
The Cooper Union for those who de 
sire it. 


10:00-12:00 Meeting. 

Greetings, Dr. Edwin S. Burdell, Presi 
sident of The Cooper Union. 

Weleome from the Engineering School, 
Dean Norman L. Towle. 

Response, Professor Clifford H. Springer, 
Division Chairman. 

‘*Descriptive Geometry in Ship-building. 
Mr. Renato Iodice, Naval Architect, 
yulf Oil Company, Part-time Instruc- 
tor, The Cooper Union Evening School. 


’? 


12:00 Luncheon. 


Afternoon 
1:00-1:20 Board bus for New York Naval 
Shipyard. 
2:00-4:15 New York Naval Shipyard. 
Greetings, Rear Admiral P. B. Nibecker, 
Commander, New York Naval Shipyard 
and Naval Base. 


Demonstration and Explanation of Loft 
ing in the Mold Loft (developing a 
shell plate), Lieutenant (S.G.) Dixon, 
assisted by a loftsman. 

Visit to Plate Shop, direction of Con 
mander Fink. 

Visit to Dry Docks (if time and weather 
permit). 

5:00 Arrive at The Cooper Union 

Open House. 


Evening Executive Committee Dinner. 


Women’s Program 
Tours of New York City, visits to Mu 
seums and Art 
luncheon. 


Galleries, shopping, 


Thursday, January 24, 1952 
at THE UNITED STaTES MILITARY ACADEMY 
West Point, N. Y. 
Morning 
§:30 Leave New York by special bus. 
10:30 Arrive at West Point. 
11:00-1:00 
ment of 
Graphies. 
1. The mission of West Point. 
2. The over-all curriculum and its effect 
on fulfilling this mission. 
3. The part played by the Department of 
Military Topography and Graphics in 


Men’s Program, in 
Military 


Depart 


Topography and 


in this curriculum. 

4. Demonstration of methods used. 

5. Exhibition of facilities, teaching aids, 
ete. 
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Women’s Program 
Conducted tour of kitchens, bakeries, 
cadet mess hall and museum, as time 
permits. 


Afternoon 

1:00 Luncheon at Hotel Thayer (both men 
and women). 

2:00-4:00 Conducted tour of West Point 
Reservation, concluding with a_ short 
organ recital in the Cadet Chapel (men 
and women). 

3:00-4:00 Opportunity for members to 
meet friends or relatives in the Cadet 
Corps. 

4:00-6:00 Return to New York City. 

Evening Theatre party. Efforts are being 


made to reserve a block of tickets for 
a musical show. 


Friday, January 25, 1952 
at CoLUMBIA UNIVERSITY 
Men’s Program 


Morning 

9:00 Inspection of Department of Graph- 
ics, 6th floor, Eng. Bldg. 

10:30 At Harkness Academic Theatre. 

‘*The Integration of Drafting with the 

Photographie Process,’’? Lloyd E. Var- 
den, Technical Director, Pavelle Color, 
Ine. 


Discussion. 
Second paper to be announced. 
12:30 Luncheon. John Jay Hall Mezza 
nine, 


Afternoon 
2:00 Trip 1. Special bus to ‘‘ Nevis.’’ - In 
spection of the Columbia University 
Cyclotron. 
Trip 2. Inspection of the photographic 
color processing plant of Pavelle Color, 
Ine. 


Evening Annual Dinner, Men’s Faculty 
Club, Columbia University. 
Speaker: Dr. John R. Dunning, Dean of 
the School of Engineering, Columbia 
University. 


Women’s Program 

Morning Guides will be provided for shop- 
ping or sight-seeing. Television color 
broadcast. 


Afternoon 

1:00 Luncheon. 

2:00 Style Show. 

3:00 Choice of following trips: 
1. Behind-the-scene trip through Vogue 
publishing offices. 

. Good Housekeeping Institute. 

. McCall Home-Maker Institute. 

. Costume Institute, Metropolitan Mu- 
seum of Art. 


Hm Co bdo 
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TIMELY TIPS 
Problems Relating to Rolling With Slipping 


By 8. R. UNIECHOWSKI 


Assistant Professor of Engineering Mechanics, University of Detroit 


The majority of text-books in Engi- 
neering Mechanics in this country, while 
giving a good selection of problems on 
rolling without slipping, fail to explain 
in an adequate manner the method of 
solution when sliding does occur or is 
suspected. 

The statement: . . . “A homogeneous 
cylinder (or wheel, or sphere) of radius 
r rolls without slipping .. .” is taken 
by the students for granted nearly in the 
same way as for instance the fact that all 
bodies in Mechanics are considered to be 
rigid. 


A. Pure Rolling 


A homogeneous body (cylinder, wheel, 
dise or sphere) rolls down a rough in- 
clined plane without sliding. Find the 
distance travelled in ¢ seconds from rest. 
Suppose that, at the beginning of the 
motion, B was in contact with A. C is 
the point of contact t seconds after the 
start. Let AC be denoted by z and let 





Fig. 1. 
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r be the radius. Let N by the normal 
pressure between the body and the plane 
and F the frictional resistance up the 
plane. The equations of motion of th 
mass-center of the body will be: 


LF, = M4a,; Mgsind — F = Ma,, (1) 


=F, = Ma,; Mg cos — N = 0, (2) 
2? =i1a;rF = la (3) 


Since there is no sliding AC is equal to 
the are BC; that is 


X = 76. (4) 
Differentiating both sides twice, we get 


x a £. 6 a 
ne Se 


ra (5) 


Eliminating F from (1) and (3) 


M (ra, + K*a) = Mrq sing. (6) 
From (5) and (6) 
~ r . - 
ad, = —— 3,9 SING. (7) 
r+ Kk? 


Integrating twice the last equation the 
distance travelled in t seconds from rest 
is thus 


9 


ae (3) 
2(r? + K) ° . 


Equation (1) gives now the friction. 
Thus 


F = Mgsing — Ma, 
K? | 
= r+ Kt Mag sind. (9) 
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B. Rolling and Sliding 


A homogeneous body (as in ‘“‘A’’) rolls 
and slips down a rough inclined plane. 
Find the acceleration down the plane 
dG, and the angular acceleration. 

When the body is rolling and sliding 
the friction is limiting friction. 

The equations (1), (2) and (3) of 
part “A” are still valid. But since 
slipping takes place the equation (4) is 
no longer true. Instead we have the 
equation expressing the fact that the 
friction is limiting friction. 


F = uxN, (4) 


where ux is the coefficient of Kinetic 
friction. From equation (2) 


ukN = uxMg cos. (5) 


Substituting this value for F in (1) and 
(3) and then dividing each by M 


dz = g sind — uxg cos¢, (6) 
K*’a = prKag cosd. (7) 


Thus both the acceleration of the mass- 
center d, and the angular acceleration 
a are constant. The motion of the 
mass-center is entirely independent of 
the shape of the body when slipping does 
occur. 

The equation (6) is just the same for a 
body which does not roll at all. 


C. Test for Slipping when a Body (as 
in “‘A”’) Rolls Down a Rough 
Inclined Plane 


When a body rolls down a rough in- 
clined plane the motion may be pure 
rolling or a combination of rolling and 
sliding and both sorts of motion have to 
be investigated. Equations (2) and (7) 
of part ‘‘A”’ give 


F Kk? 


N r+ K? 


-tand. (1) 


But F cannot be greater than psN. 
Consequently the motion will be a com 
bination of rolling and sliding if 


ro 


seis iil Sp (2 
tan s 2 
r+ K? a 
and will be pure rolling if 
re + Ka’ tang < MSs, (3) 
where us is the coefficient of static fric- 
tion. 

Before attempting to solve the equa- 
tions of motion for a body rolling down a 
plane, it will therefore be necessary to 
discover which of the inequalities (2) or 
(3) is true. If (2) is true the results of 
part ‘“‘A’”’ are correct, but if (3) is true 
the results of ‘““B’’ must be used. 

When sliding occurs the instantaneous 
center is not at the point of contact C 
but on the line OC below or above the 


plane at a distance R from O, such that 


‘. a 
dé. = Ra or R=— 
a 


(ad, being now not equal to ra). 


General Remarks 


In problems where in addition to the 
weight of the body other external forces 
are involved the whole procedure of 
solution is slightly different. 

The direction of the frictional resist- 
ance must be assumed first and from the 
equations 2F, = Md, and =T = Ia the 
value for F, required for rolling, may be 
obtained. This value for F must be com- 
pared to the maximum possible (avail- 
able) frictional force obtained from LF, 
= Ma,=0. Substituting the later 
value, if slipping occurs, into 27 = Ja 
and 2F, = M4,z, the values of a and a, 
may be obtained. The negative signs in 
final results indicate, as usual, that the 
directions must be reversed. 
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Minutes of Executive Board Meeting 


A meeting of the Executive Board of 
The American Society for Engineering 
Education was held on Saturday, Sep- 
tember 29, 1951, at Cornell University, 
Ithaca, New York. Those present were: 
S. C. Hollister, President, M. M. Boring, 
A. B. Bronwell, L. E. Grinter, J. H. 
Lampe, G. A. Rosselot, C. L. Skelley, 
and B. Bowen. The meeting was called 
to order at 9:30 A.M. 


Report of the Treasurer: 


The report of the Treasurer was pre- 
sented. Receipts and disbursements were 
reviewed in the period of July 1 to Sep- 
tember 30, 1951 as compared with the 
first quarter of last year. 

Vice President Lampe reported on the 
plans for the ECAC meeting. The two 
major topics to be discussed are: (1) 
adequacy and standards of engineering 
education, and (2) cooperation between 
junior colleges, secondary schools, and 
colleges in matters relating to educational 
standards, guidance, ete. He requested 
President Hollister to handle the first 
topic and will secure speakers for the 
second topic. 

Vice President Rosselot reported that 
the ECRC has been studying the problem 
of contract relations with the federal gov- 
ernment since June. There have been 
active conferences in Washington on such 
matters as equipment procurement prob- 
lems, contract regulations, patents, ete. 
The ECRC is attempting to formulate a 
sound policy embodying desirable fea- 
tures of contract relationships between 
the federal government and engineering 
colleges. These problems will constitute 
the program material for the Houston 
meeting. 


Improvement of Teaching: 


Vice President Grinter reported that 
the Committee on Improvement of Teach- 


ing has sent a preliminary report to the 
chairmen of institutional committees and 
deans of engineering colleges, asking for 
comments and eriticisms. A small writ- 
ing committee will be appointed to pre- 
pare a final report to be presented at the 
Annual Meeting at Dartmouth. The 
Committee is working with the Division 
of Educational Methods so that in the 
future the work can be earried on by 
this Division. 


Unity of the Profession: 


Dean Saville has requested specifie ree- 
ommendations from the Society on the 
proposed plans for a Unity of the Profes- 
sion Organization. At the June 29 meet- 
ing of the General Council a motion was 
passed to the effect that the ASEE should 
be included in any unity organization and 
that the Society should cooperate fully 
in the formation of such an organization, 
provided that the ASEE as a constituent 
society can retain its present membership 
requirements. However, this resolution 
was not definitive enough to enable Dean 
Saville to present the recommendations 
of the ASEE as to the structure of the 
unity organization. After considering 
the four proposals prepared by the EJC 
Committee on Unity of the Profession, 
the Executive Board expressed prefer- 
ence for some type of organization which 
would combine the desirable features of 
Plans A and B. In general, the Council 
type of organization seemed to be pre- 
ferred over the individual membership 
type of organization. 


Joint Committees with Organizations of 
Junior College and Secondary School 
Principals and Counselors: 


President Hollister proposed that the 
ASEE take steps to set up a joint com- 
mittee enabling the junior college facul- 
ties, high school principals, and voea- 
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tional counselors to participate with the 
Society in discussions of problems relat- 
ing to the adequate preparation of engi- 
neering students. He stated that the 
ASEE could lay the groundwork for 
real cooperation between engineering col- 
leges, junior colleges and high schools. 
As a means of initiating this program, it 
was proposed that three people be invited 
to attend the Houston meeting for active 
participation: a member of the Science 
Teachers Association, a member of the 
High School Principals Association, and 
one person from the Edison Educational 
Foundation. Invitations will also be ex- 
tended to Admiral Bowen and Mr. Paul 
Busse of the Edison Foundation to at- 
tend the ASEE meetings in Houston. 

The Secretary mentioned that a Junior 
College Committee has not yet been ap- 
pointed. It was decided to defer ap- 
pointment of this Committee until the 
new program of cooperation with Junior 
Colleges and Secondary Schools has been 
clarified. It was pointed out that since the 
Secondary Schools Committee is a Com- 
mittee of the ECAC, it might be logical 
to have the Junior College Committee 
also report to the ECAC. 


Suggestions from Society Members for 
Consideration by the Council: 


The Executive Board decided to ap- 
point a committee of members of the 
General Council to study the problem of 
setting up a mechanism for more active 
participation by Society members. 


Mailing of American Council on Educa- 
tion Bulletins: 


The question was raised as to whether 
or not the Society should continue to sub- 
sidize mailing of American Council on 
Edueation bulletins to engineering deans. 
It was decided to continue this mailing. 


Mission on Engineering Education to 


Japan: 


Secretary Bronwell outlined briefly the 
work of the Mission on Engineering Edu- 
eation to Japan during the past summer. 
The fifteen members of the Mission, un- 
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der the chairmanship of Harold Hazen, 
held meetings in educational centers 
throughout Japan. The meetings were 
in the form of panel discussions, with 
U. S. and Japanese representatives on 
the same panel. Over 1000 Japanese 
educators participated in these discus 
sions. 

The panel discussions dealt with ad 
ministrative problems, research policies, 
cooperation between industry and col 
leges, improvement of teaching, and spe 
cialized topics in various curricular areas 
The panel discussion system proved to bi 
very successful in focusing attention 
upon those problems which were of great 
est importance to the Japanese. 

The Secretary commented favorably on 
the progress which is being made in re 
search in engineering colleges and pointed 
out some of the problems in their edu 
‘ational system, many of which are quite 
similar to problems in American engi- 
neering colleges. A proposal has been 
made to set up a society for engineer- 
ing education in Japan comparable to 
the ASEE. The Secretary stated that 
extremely cordial hospitality had been 
accorded members of the Mission by the 
Japanese educators and that the Mission 
has served to develop working relation- 
ships between Japanese and American 
edueators, as well as a common bond of 
friendship. 


Other Missions on Research and Engi- 
neering Education: 


It was pointed out that several mis- 
sions on research and education are being 
organized to visit European countries. 
The Executive Board expressed the 
opinion that the ASEE should be offi- 
cially represented on these missions. Dr. 
Rosselot and Dr. Grinter will confer with 
the proper authorities on methods of get- 
ting ASEE representatives appointed to 
these missions. 


Summer School Requests: 


The Board approved the requests of 
the Electrical Engineering Division and 
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the English Division for summer schools 
to be held at Dartmouth in June. Details 
of planning of these two summer schools 
should be arranged with Dean Kimball 
by the Divisions themselves. Mr. Boring 
mentioned that the General Electrie Com- 
pany would like to sponsor a “Methods 
of Instruction” program during the week 
after the Annual Meeting at Schenectady 
in order to familiarize edueators with 
some of the novel methods of instruction 
used in the company’s post-graduate pro- 
gram. The Executive Board approved 
this plan, details of which will be worked 
out by Mr. Boring. 


Organization of Textile Committee: 


The Secretary read a letter from Pro- 
fessor Rogers Finch of M.I.T. suggest- 


College 


(Continued from page 176) 


inspection of Army Specialized Training 
Program units in the Third Service 
Command. 

From 1924 to 1927, Dean Hammond 
was associate director of a comprehensive 
study known as the “Investigation of 
Engineering Education,” which was spon- 
sored by the ASEE. He was an active 
member of the ASEE, serving as Vice- 
President in 1934-35 and as President 
in 1936-37. He was one of the organ- 
izers of the Engineers’ Council for Pro- 
fessional Development and also helped to 
organize and served until last year as 
Chairman of the Council’s Committee on 
Technical Institutes. 

Dr. Walker during the period 1942 to 
1945 served as research associate, assist- 
ant director, and finally associate di- 
rector of the Harvard Underwater Sound 
Laboratory, Cambridge, Mass., where he 
had charge of the development of ord- 
nance weapons. For his work there, he 


ing the possibility of the organization of 
a Committee on Textile Engineering in 
the ASEE. A motion recommending the 
formation of such a committee was ap- 
proved. 


Associate Institutional Membersh ip 

Drive: 

President Hollister stated that Mr. 
Jesse MeKeon had been appointed chair- 
man of a committee to approach those 
industries which are interested in engi- 
neering education in order to expand the 
number of associate institutional mem- 
bers. Mr. McKeon is now getting this 
project organized. 

Respectfully submitted, 
ARTHUR BRONWELL, 
Secretary 


Notes 


was awarded the Naval Ordnance De- 
velopment Award and also a Presidential 
Certificate of Merit. 

In 1945, through the efforts of Dr. 
Walker and Dean Hammond, arrange- 
ments between the College and the Bu- 
reau of Ordnance, Navy Department, were 
completed, establishing the Ordnance Re- 
search Laboratory at Penn State. Work 
in the laboratory started on October 1, 
1945, and many of the staff members, 
including Dr. Walker, came to Penn 
State from the Harvard Underwater 
Sound Laboratory. Dr. Walker has 
served as Director of the Laboratory 
from its founding and at the same time 
has held the position of Professor and 
Head of the Department of Electrical 
Engineering. 

Dr. Walker, who was elected last year 
as a director of the ECRC, has also 
served as Chairman of the Educational 
Methods Division of the ASEE. 








Section 


* Allegheny 


Illinois-Indiana 
Kansas-Nebraska 
Michigan 


Middle Atlantic 
Missouri 


*National Capital Area 


*New England 
*North Midwest 


*Ohio 


*Pacific Northwest 
*Pacific Southwest 
*Rocky Mountain 
Southeastern 
Southwestern 


*Upper New York 


Section Meetin gs 


Location of Meeting 
Carnegie Institute 


University of 
I}linois 

University of 
Nebraska 


University of 
Detroit 


Newark College of 
Engineering 


University of 
Arkansas 


Ohio State 
University 
Seattle 


Los Angeles 
San Francisco 


University of 
Wyoming 


Clemson College 
University of 
Houston 


Clarkson College 


Dates 


May 17, 1952 

Nov. 16-17, 
1951 

May 10, 1952 


December, 
1951 


April 5 or 12, 
1952 


April, 1952 


April 10, 11, 
12, 1952. 


April 11 & 12, 
1952 





Chairman of Section 


E. B. Stavely, 
Pennsylvania State 
College 
D. G. Ryan, 
University of Illinois 
Kenneth Rose, 
University of Kansas 
W. P. Godfrey, 
University of Detroit 
S. J. Tracy, Jr., 
City College of 
New York 
R. Z. Williams, 
Missouri School of 
Mines 
W. Oncken, Jr., 
Bureau of Ordnance 
W. C. White, 
Northeastern 
University 
K. F. Wendt, 
University of 
Wisconsin 
W. F. Brown, 
University of Toledo 
T. H. Campbell, 
University of 
Washington 
S. F. Duncan, 
University of South- 
ern California 
E. J. Lindahl, 
University of 
Wyoming 
R. L. Sumwalt, 
University of 
South Carolina 
H. P. Adams, 
Oklahoma A. & M. 
College 
W. H. Allison, 
Clarkson College 


Members of the Society are welcome at all Section Meetings 


* No Date Set. 
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New Members 


BLAKEMORE, WYATT D., Instructor in Engi- 


neering Drawing, Iowa State College, 
Ames, Iowa. A. S. Gaskell, S. J. Cham- 
berlain. 


BLISARD, THOMAS J., Associate Professor of 
Physics, Newark College of Engineering, 
Newark, N. J. C. V. Bertsch, H. H. 
Smith. 

BowMAN, JOHN J., Director, Bowman Tech- 


nical School, Laneaster, Pa. K. O. 
Werwath, S. A. Eng. 
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New Hampshire— Versatile Vacationland 


Annual Meeting ASSE. 


Dartmouth College—June 23-27, 1952. 


By JANE A. BENNETT 


Assistant, Office of the News Service, Dartmouth College 


Crowned by Mt. Washington, highest 
point in the East, and embellished by cool 
forests, rolling hills, scenic lakes and 
rivers, and a tiny patch of seacoast, New 
Hampshire in the summer is as good a 
place to live and play in as it is to look 
at. The topography, the weather and 
the people have banded together to make 
the state one of the most versatile recrea- 
tion areas in the country. The artist and 
the mountain climber, the fisherman and 
the tourist will all find what they seek in 
the Granite State. 

Besides the man-made recreational fa- 
cilities and such natural attractions as 
lakes and mountains, New Hampshire has 
an ideal summer vacation climate, pleas- 
antly warm days and cool nights. This 
variability in temperature is healthful as 
well as enjoyable. 

Parks, maintained in all parts of the 
state by the Forestry and Recreation De- 
partment, offer camp sites, hiking trails, 
fishing, swimming, and pienicking areas; 
private organizations such as the Ap- 
palachian Mountain Club and the Dart- 
mouth Outing Club help the U. S. For- 
estry Service in caring for the miles of 
tramping trails which cross and recross 
the state; Yankee hostelries invite the 
traveler at all seasons of the year, and 
Yankee ingenuity provides him with 
things to see and do. 

The northernmost part of the state is 
noted for its fish-laden Connecticut Lakes 
where land-locked salmon, lake trout and 


brook trout tempt the anglers. The Con 
necticut, which forms the greater part of 
New Hampshire’s western boundary, has 
its origin in these northern lakes. ~ 

Another favorite fishing spot, not far 
from Dartmouth College, is Lake Suna 
pee, famed for its aureolus or golden 
trout which is exclusively a New Hamp 
shire fish. Hundreds of streams and 
ponds provide brook and rainbow trout, 
bass, pickerel, and land-locked salmon, 
and new fishing areas are constantly 
being created by reclamation and stock 
ing. 

Moose Brook State Park, north of the 
Presidential Range, is well located for 
the trout fisherman beeause the Ammo 
noosue and Moose Rivers and several of 
their tributaries run through the area. 
For the salt-water fisherman New Hamp 
shire offers the waters off New Castle 
and the Isles of Shoals where bluefin tuna 
may be speared. 

Since Pinkham Notch is the head 
quarters of the Appalachian Mountain 
Club, hikers flock to the Granite State. 
A system of shelters is maintained and 
the trails are kept in good condition in 
the White Mountain National Forest 
and the numerous state parks. 

Wellington Park, not far from Han 
over, Monadnock Park, in the southern 
part of the state, and Moose Brook and 
Mt. Prospect Parks in the White Moun 
tain area are networked with hiking 
trails, some of which double for skiing 


1gI JouRNAL OF ENGINEERING EpucarTion, Dec 1951 








Ig2 NEW HAMPSHIRE—VERSATILE VACATIONLAND 


during the winter months. Mt. Sunapee 
State Park and Belknap Recreation Area 
near Guilford operate as both summer 
and winter parks, running chair lifts 
the year round for sightseeing and skiing 
and providing good swimming and play- 
ing facilities. 

New Hampshire’s parks are a great 
credit to the state. All provide attractive 
picnicking areas and are well maintained. 
Most parks have camping sections and, 
wherever possible, bathing places. Rho- 
dodendron State Reservation in the south- 
ern part of the state is a naturalist’s 
playground in July when the shrub which 
gives the park its name is in bloom. 
Weekly square dances and the annual 
eraftsmen’s fair are held in the Belknap 
Recreation Area. Mt. Sunapee Park pro- 
vides such summer attractions as periodic 
lobster feasts and clam bakes atop the 
mountain, Blanket Pops concerts, and 
the annual Guides Show, a field day for 
woodsmen. 

Many recreational facilities are of- 
fered by private concerns. Dartmouth’s 
Mount Moosilauke, near Warren, lures 
climbers with its pleasant climbing 
trails and the comfortably rustic Ravine 
Lodge at the foot. The Maine-to-Georgia 





The Presidential Range from 
Pinkham Notch 


Appalachian Trail runs through the res 
ervation. Franconia Notch, Tuckerman 
Ravine, North Conway and other New 
Hampshire spots that are by-words to 


the Eastern skiing fraternity have their 


summer appeal as well. The Mt. Cran- 
more skimobile at North Conway and the 
aerial passenger tramway at Cannon 
Mountain are busy all year round taking 
visitors to mountain peaks from which 
spectacular views are to be had. The 
tramway, opened in 1938, is the only one 
of its kind in North America. Its glass- 
enclosed cars, hanging from heavy cables, 
carry 27 passengers at a time from the 
valley station to an elevation of over 
4000 feet. 

New Hampshire’s recreational facili- 
ties are not all for the outdoorsman; the 
vacationist who likes to relax or take 
sightseeing tours is weleomed by the 
state’s hostelries which range in style 
from the sumptuous Mount Washington 
Hotel at Bretton Woods to the simplicity 
of the cabin courts. Although many va- 
cation resorts provide recreational fa- 
cilities, a series of day trips from almost 
any place in the state will yield a variety 
of sights and activities. 

Visitors to the White Mountain Na- 
tional Park must crane their necks to 
gaze up at the “Old Man of the Moun- 
tains” high on Profile Mountain. This is 
only part of a 6000-aecre wonderland 
known as Franconia Notch. In the park 
cutting precipitously into the rock at 
the foot of Mt. Liberty is the Flume, a 
geologic chasm almost 700 feet long. A 
drive through Franconia Noteh is an 
easy trip from the vicinity of Hanover. 

Mt. Washington with its cog railway 
is an attraction for all New Hampshire’s 
visitors. The highest peak east of the 
Rockies and north of the Carolinas has 
a weather all its own; passengers on the 
famous railway riding up in the sunlight 
may arrive at the summit in a cloud bank 
or may be treated to a view of several 
states. There are a hotel, an Air Force 
icing research station, and a weather ob- 
servatory on the mountain top. 
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The Connecticut River Valley Near Dartmouth College, Hanover, N. H. 


The cog railway, reputedly one of the 
shortest, safest, and most expensive rail- 
roads to operate in the world, was in- 
vented by Sylvester Marsh and the first 
ascent was made in 1869. Marsh allowed 
Swiss engineers to copy his railway for 
the Alps. Both the automobile road and 
the railway are open until the middle of 
October. 

At the Lost River Reservation, west of 
Franconia Notch, there is a tour through 
the scenic gorge filled with phenomena 
of nature, and Kinsman and Crawford 
Noteches are targets for many visitors’ 
cameras. As an aid to travelers the 
state of New Hampshire has earefully 
labeled its views by means of roadside 
signs. 

South of the White Mountains is one 
of New Hampshire’s biggest and_best- 
known playgrounds, Lake Winnipesau 
kee. The lake, a few hours drive from 
Dartmouth College, is over sixty miles 
around with an indented, tree-lined shore. 


Life on or near the lake varies from the 
seclusion of an island camp to the live 
liness of a few of the towns which go in 


for the typical tourist attractions—boat 
trips, casinos, and beauty contests. Win- 
nipesaukee is surrounded by many 


and equally lovely lakes, all 
thickly settled with summer hotels and 
children’s camps. 


smaller, 


South of the lake region, on New 
Hampshire’s diminutive seacoast lies 
Portsmouth, which is a bit of the 18th 
century held over to the present day. 
Submarine-building in the Portsmouth 


Navy Yard, actually across the river in 
Kittery, Maine, is the main industry in a 
city where once considerable wealth was 
brought by sea trade and the ship-build- 
ing and whaling industries. Many old 
mansions are the harbor. 
Most of these “castles” of the princes ot 
commerce, set close to the narrow brick 
sidewalks, are now maintained as mu 
seums by historical societies. The city 


located near 
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has been immortalized in the writings of 
Thomas Bailey Aldrich. 

Just out of Portsmouth Harbor lie the 
Isles of Shoals, only one of which is in- 
habited. These islands boast of a wealth 
of tales about pirates and buried treasure, 
early explorers, and prohibition rum- 
runners. On Star Island are a hotel and 
cottages maintained for the Congrega- 
tional and Unitarian-Universalist summer 
religious conferences. South of Ports- 
mouth stretch the state’s beaches which 
attract hoards of visitors. There are 
fashionable resorts at Rye and Jenness 
and a large state park at Hampton 
3each, just north of the Massachusetts 
line. This is the area for the vacationist 
who likes to sun-bathe, swim, and eat 
lobster. Though small, the seacoast area 
attraets its share of the vacation throng. 

Back from the coast itself are such 
picturesque towns as Exeter, home of 
Phillips Exeter Academy, and Durham, 
site of New Hampshire’s state university. 
These towns have the shady streets and 
dignified homes that typify New England, 
and have, in addition, the sightly cam- 
puses. , 

Another campus that does eredit to 
New Hampshire is that of Dartmouth 
College, crowning the banks of the Con- 
necticut River in the west-central part of 
the state. The college is as near to the 
many picnicking and amusement spots 
of Vermont as to those of the Grantite 
State. Daily many visitors come to 
Hanover and take advantage of the 
guided tours around the campus, featur- 
ing Dartmouth’s Baker Library and the 
fine athletie facilities of the college. Both 
Dartmouth and the University of New 
Hampshire open their campuses during 
the summer to conference groups and 
special summer schools. 

Many houses of historic significance 
are open as museums, some during the 
summer months only. At Center Sand- 
wich is a Museum of Original U. S. Patent 
Models and a clock museum is located at 
Georges Mills. There are art exhibits 
and craft shows throughout the summer 
months in various parts of the state. An- 
nually the League of New Hampshire 
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Arts and Crafts sponsors a fair in Guil- 
ford; it also maintains retail stores for 


league members’ wares. Summer art 
schools sponsor exhibitions, and galleries 
such as the Currier Gallery in Man- 
chester and the St. Gaudens Memorial in 
Cornish have a varying program of dis- 
plays. 

Summer theaters flourish, and numer- 
ous water carnivals and boat races are 
held on the lakes. There is even a sum- 
mer ski jumping event held on crushed 
ice in the Belknap Recreation Area. Ten- 
nis and golf tournaments, horse shows 
and dog shows are popular features dur- 
ing the summer months. 

The State Planning and Development 
Commission, at Concord, puts out a Ree- 
reational Calendar each year which lists 
the dates of athletic events, animal shows, 
summer conferences, fairs—both the 
street and county varieties, and any spe- 
cial events of the season. Programs for 
the summer theaters are listed and the 
opening and closing dates for state-run 
parks. 

There are summer schools and con- 
ferences, varying in length from a week 
to the entire summer. All sorts of peo- 
ple, from credit executives to camp nature 
counselors, from musie edueators to motor 
vehicle fleet supervisors, come together 
to study or confer. Writers’ conferences 
and folk dance camps are now regular 
parts of a New Hampshire summer. In 
Peterborough there is the well-known 
MeDowell Colony, a retreat for artists, 
writers, and composers who want to work 
without disturbances and _ distractions. 
Founded by Mrs. Edward McDowell after 
her husband’s death, the colony pro- 
vides for other artists the atmosphere 
the composer found so beneficial to his 
work. 

New Hampshire is everybody’s play- 
ground. The State Planning and Devel- 
opment Commission in Concord has is- 
sued statements showing the marked in- 
crease in the vacation industry from year 
to year. The Commission, always ready 
to provide information to any would-be 
vacationists, is constantly trying to make 
the versatile state still more attractive to 
natives and visitors alike. 
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Education for Action* 


sy W. L. EVERITT 


Dean, Coliege of Engineering, University of Illinois 


A good educational program requires 
sound planning, both in the design of the 
curriculum and in the presentation of 
individual courses by the instructor. 
Sound planning requires a clear defini- 
tion of objectives. To be effective in 
operation the objectives of an educa- 
tional plan must be understood and con- 
curred in by both the teacher and the 
student. The objectives should be limited 
in number but be sufficiently clear that 
they can be used to make decisions on 
methods and procedures. From an engi- 
neering viewpoint, the objectives might 
be considered as dimensional guides to 
bound the problems which are met from 
day to day. 

Objectives which are now universally 
accepted in university teaching are: 


1. Teach to Think. 
2. Teach Fundamentals. 

I propose a third objective which I 
believe can help us to reach sound de- 
cisions in the planning of curricula and 
in the conduct of individual courses. It 
is: 


3. Teach to Achieve Action. 


A particular curriculum must, of course, 
be planned within the framework of the 
profession. Within this ever-expanding 
framework these three objectives may 
bound particular problems as indicated 
graphically by Fig. 1. 

* Presented at the Educational Methods 
Conference, ASEE Annual Meeting, June 
26, 1951. 


I submit these premises: 


1. The basic aim of the professional 
man is to achieve sound action. 

2. The basie job of the teacher of pro- 
fessional men is to prepare his stu- 
dents to do this. 


- 


We must then answer the question: 
Does our program prepare him for the 
steps necessary to secure sound action? 


Steps to Action 


What are the steps necessary to secure 
action and what is their sequence? My 
conception of them is indicated by the 
chart shown in Fig. 2. The next question 
is: What impact does the analysis of 
this chart have upon an engineering edu- 
cational program? 

We immediately recognize that most 
problems develop from the experience of 
the past, with roots in our history. 
roots are shallow, others deep. It would 
appear that history—particularly that of 
our profession, of the Industrial Revolu- 
tion, and of our social and political strue- 
ture—is an essential part of the eduea- 
tion of men who are to solve the problems 
of the present and the future. 

We recognize next that one of the most 
important skills necessary for the solu- 
tion of problems is the ability to formu- 
late and divide them so that they can be 
tackled with the tools available. Prob- 
lems are usually formulated almost en- 
tirely by the instructor. The student 
gets very little experience in this essen- 
tial activity. Adequate planning by the 
instructor can correct this deficiency. 


Some 
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FRAMEWORK OF PROFESSION 





Fic. 1. Dimensional guides in the development of engineering curricula and courses. 


Laboratory courses, particularly, can be 
so developed that only the broad pur- 
poses of the experiments may be outlined 
and the detailed formulation of the prob- 
lems may be left to the student. 

After formulating and dividing the 
problem, the next step is to collect in- 
formation. In both laboratory and elass- 
room instruction, we far too commonly 
provide the student with just the right 
amount of data, no more and no less. If 
he does not use some of the data, he feels 
he is in the same situation as if he had 
reassembled a machine and found a few 
bolts and gears left over. He uses this 
as a clue that he has made a mistake. 
But in an actual problem an engineer 
would have the whole world of informa- 
tion at his disposal. He inevitably col- 
lects some that he needs and some that is 


of little or no importance. The sorting 
of this into that which is relevant and 
that which is immaterial is an important 
part of his professional procedure. He 
also has to know how to find information 
which is available, what he must secure 
by his own experiment and observations, 
and how to get material from discussions 
with others. The art of collecting in 
formation is not intuitive but must be 
learned. Our educational program re 
quires a progressive weaning process so 
that by the time a student graduates he 
is ready to proceed without too much 
spoon feeding or guidance. 

We next observe that information must 
be subjected to two types of analysis. 
One is quantitative or mathematical; the 
other involves many other considerations 
which cannot be reduced to numbers. 
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Our 
stresses almost entirely analyses associated 


present 


operations. Never 
engineering 


with mathematical 
theless, we know that many 
decisions must be made on the basis of 
human reactions, customer appeal, labor 
relations, company policy, ete. It is true 
that this area is more difficult to teach. 
Skill in this type of evaluation also de 
pends upon experience and maturity 
which may not be susceptible to too much 
acceleration. But in setting up our prob- 
lems we should emphasize 


evaluation is 
quently, the 


important, and 
skill with which it 
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determines the speed and distance which 
the individual may his career. 
[t also indieates the practical importance 
ot the humanistic-social stem being 
developed in engineering curricula and 
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helps to eonvinee the 
must pay serious attention to these 

Analysis, whether mathematical or non 
quantitative, is wasted unless it is trans 
lated into conelusions. At this point the 


engineer may find that something is 
missing; he may not have collected 


enough information or the right informa 
tion. He may not 
problem properly. 
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Fig. 2. Steps in securing sound action. 











where along the line and change his state- 
ment of the problem or get additional 
information. 

On the chart (Fig. 2) I have called 
this process “feedback” by analogy to a 
linkage now recognized as of great im- 
portance in many physical systems. Prop- 
erly done, feedback will provide a 
stabilizing influence on the operation or 
operating system. Improperly _per- 
formed, feedback may result in instabil- 
ity. An unstable situation in problem 
solving is indicated by the individual 
who ‘can never reach a conclusion be- 
cause he is never satisfied that he has 
enough data to be “sure.” Engineers 
seem particularly prone to this fault, and 
students can be helped by experience 
with problems which do not have a unique 
answer, or where the information may be 
inadequate. Remember, engineers fre- 
quently must make conclusions on insuf- 
ficient evidence or incomplete data. 


Specific Recommendations 


In practice, conclusions must be fol- 
lowed by specific recommendations for 
action by others. These recommenda- 
tions must be followed by a whole hier- 
archy of decisions before they can be 
translated into action. The securing of 
decisions is usually accomplished by oral 
persuasion and written reports. Engi- 
neering curricula on every campus are 
noted (or should I say notorious?) for 
the number of reports which the students 
are required to write. But have we been 
using these reports for real training in 
persuasion, their most important fune- 
tion in professional practice? It can 
never be accomplished by stereotyped 
forms. We have, in general, created a 
paradox: we have required so many re- 
ports that our students have not learned 
how to write a real report. Would it 
not be better to require fewer reports 
but have them addressed to different 
hypothetical readers? One might be 
a simple memorandum to refresh the 
writer at a later date, i.e., addressed to 
himself. Another might be a memoran- 
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dum to establish priority in a patent 
case. Another could be addressed to his 
technical superior. Still another might 
be intended to secure agreement with his 
recommendations by both an engineering 
supervisor and a non-technical officer of 
his company. Finally, he might prepare 
a report of a technical development for 
presentation to a service club. Varying 
the hypothetical reader and the aim to be 
accomplished would give him experience 
in reducing his conclusions or observa- 
tions to writing that is focused and ef- 
fective. 

Ultimate improvement in engineering 
education must depend not merely on 
changing the names of courses within the 
curricula, but also on the method of 
teaching courses now recognized as es- 
sential in their technical content. This 
is particularly true if we are to develop 
real facility in problem formulation, col- 
lection of information, broad analysis, 
and presentation. 

Engineering practice involves processes 
of integration, the use of many sources 
and disciplines to supply a service or 
machine useful to man. Even when we 
are working or teaching in a limited area, 
we should keep the problems of synthesis 
or integration illustrated by the chart of 
Fig. 2 well in mind. It would also ap- 
pear that we should give more considera- 
tion to teaching by the “case method” 
which has proven so effective in other 
professional curricula, notably law. 

Fortunately, since problem-solving is 
a necessity in every form of human ac- 
tivity, the proposed objective of “Teach 
to Achieve Action” gives guidance in 
preparing the student for educated citi- 
zenship as well as for a_ professional 
career. Hence, this presentation should 
not be interpreted as a plea to educate 
only in practical fields, except as all edu- 
cation which is related to living may be 
considered practical. 

I realize that not all the items dis- 
cussed here can be introduced into every 
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They will be more difficult to 


course. 
incorporate in sophomore physics than 


in senior courses. I also recognize that a 
program taking these ideas into account 
may be more difficult for the instructor, 
particularly in the problems of grading. 
But if our objectives are clear to our 
students and are acted upon by our 
faculty, marked progress can be made 
even within the confines of the existing 
shortage of time in our engineering 
curricula. 

In summary, the objective “Teach to 
Achieve Action” indicates that the fol- 
lowing items are important in both our 
curricula and course planning: 


James H. McGraw 
Institute 


The purpose of this award is to recog- 
nize and encourage outstanding contribu- 
tions to technical institute education. 
Candidates for it may be teachers, au- 
thors, or administrators who are, or have 
been, affiliated with an institution which 
offers or sponsors training of the techni- 
eal institute type. 

This is an annual award of the sum of 
$500, and it is made at the annual dinner 
of the Technical Institute Division of the 
American Society of Engineering Eduea- 
tion each June. It is made upon the rec- 
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1. Knowledge and appreciation of 
history. 

2. Formulation of problems. 

3. Collection of information. 

4. Distinguishing the relevant from 
the irrelevant. 

5. Non-quantitative evaluation, par- 


ticularly involving human reactions, 
as a companion of numerical analy- 
sis. 

6. Translation of analysis into conelu- 
sions which are then reduced to spe- 
cifie recommendations. 

7. Oral and written presentations in 
a form designed to accomplish a 
clearly perceived, practical purpose 


Award in Technical 


Education 


H. MeGraw 
Award Committee, members of which are 


ommendation of the James 


appointed annually by the President of 
the Society of Engineering 
Kdueation. for the award 
should be sent to the Chairman of the 
Committee, Professor H. P. Adams, Okla- 
homa A. & M. College, Stillwater, Okla- 
homa, by Mareh 15, 1952. 


made possible by the McGraw-H 


American 
Nominations 


The award is 
ill Book 
Company in memory of James H. Me- 


Graw. 








Cooperative Graduate Study* 


By N. W. DOUGHERTY 


Dean of Engineering, University of Tennessee 


At the Fontana meeting last summer 
we made a brief report regarding pos- 
sible cooperation on a graduate level 
with such agencies as the Tennessee Val- 
ley Authority. After the meeting at 
Fontana we have made some further ex- 
ploration of this problem. 

A few of those present at Fontana 
attended a meeting of the Board of Con- 
trol for Southern Regional Education 
at Daytona Beach, Florida in early 
September. One of the topies for dis- 
cussion was possible cooperative gradu- 
ate study with industry. The writer 
served on one of the work committees 
for the three days of the conference. A 
statement of principles which should be 
used in developing such a program fol- 
lows: 


1. That the primary conception of the 
utilization of agencies in graduate 
edueation by institutions is founded 
on the realization of mutual bene- 
fit, and that the institution-agency 
relationship is consistent with the 
educational purposes of the institu- 
tions and the respective purposes 
of the agencies. 

2. That the responsibility for awarding 
academic degrees shall reside in the 
institution. In this connection the 
institution will approve standards 
of instruction and programs of 
study and research, and will be re- 
sponsible for the evaluation of stu- 
dent accomplishments, including the 
research entering a_ dissertation 
from the point of view of its accept- 

* Presented ut a meeting of the South 


eastern Section of ASEE, Biloxi, Missis 


sippi, March 24, 1951. 
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“I 


institutional 


ability for satisfying 
requirements. 

. That there should be developed 
proper standards for acceptance of 
residence credit for work done in 
the ageney under programs ap- 
proved by institutions and agencies. 
That the institution shall approve 
the eligibility of the agency staff to 
guide and to assist in the direction 
of research, including thesis research, 
and shall recognize the desirability 
of agency staff participating in the 
final examinations of students whose 
research they have guided. 

That the agency shall have the right 

of approval of institutional staff 

and of graduate students for work 
within the agency. 

. That there shall be prior mutual 
agreement between the institution 
and the agency on policies govern- 
ing the publication of research find- 
ings. 


. That there shall be ways provided 
for the exchange of information 
between institutions and agencies 


relative to research in progress and 
other educational opportunities in 
which both may be concerned. 

. That opportunity for work in agen- 
cies shall be sought for full-time 
teachers as a means of broadening 
their professional experience and 
increasing their teaching proficiency. 
Conversely, that opportunity for 
academie work in institutions shall 
be sought for agency staff as a 
means of broadening their protes- 
sional experience and _ increasing 
their technical proficiency. 
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The Board of Control will undertake 
to bring an agency in contact with the 
member institutions; after the contact 
has been made, the program will be de- 
veloped by the institutions themselves in 
cooperation with the ageney; and there 


will be no effort on the part of the Board 
of Control to dictate policies regarding 
either the graduate work or the possible 
thesis work in industry. Representatives 
of the Tennessee Valley Authority were 
present at the meetings and they made 
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excellent contributions to the delibera- 
tions. A representative was also present 
from the Air University at Montgomery, 
Alabama. Attached hereto is a chart 
showing the organization of graduate 
work under the plan proposed. (See 
page 3.) 

After returning to Knoxville we made 
some explorations with industries such 
as the Alummum Company of America 
and the Tennessee Eastman Corporation 
at Kingsport. We had rather favorable 
replies from most of the industries con- 
tacted. The problem apparent in each 
of the discussions was the type of work 
which could be done and which would be 
acceptable for thesis eredit. This, it 
seems to me, is the heart of the possible 
cooperation. 

After reviewing the discussion at the 
ASEE national meeting last year, and 
after discussions with industry, we, at 
Tennessee, have come to the conclusion 
that more than one institution should 
try a pilot program in this field, and 
undertake to discover the difficulties which 
may be reported back to the colleges at a 
subsequent meeting. With this in mind, 
we have developed a program and will 
undertake it during the coming year, pro- 
vided, of course, we ean get graduate 
students. We have made some announce- 
ment to industry, and will make further 
announcement as time goes on. 


Program Outline 


Our present concept is that we will ac- 
cept competent graduate students at the 
beginning of the Fall quarter, and that 
these students will continue in residence 
at the University for two quarters, or 
until they have acquired thirty quarter 
hours of graduate credit. They will then 
be placed in industry for six months. A 
faculty member of the institution will 
confer with a scientist in the industry on 
the possible thesis problem. The amount 
of credit that will be given for the thesis 
will be determined in advance, and the 
student, after he has begun his work in 


industry, will begin reports back to the 
faculty member in the University. If 
the problem is such that he can complete 
his writing during the six months stay 
in industry, all will be very well. If h 
has not completed his thesis he may re 
turn to the University and stay a suffi- 
cient amount of time to complete the 
study; then he will take his oral examina- 
tion. 

Since our requirement is the equiva 
lent of forty-five graduate hours, this 
means that the thesis may be given as 
much as fifteen hours credit. Less than 
fifteen hours, of course, will require that 
the student return to the University and 
take more course work. 

It has been difficult to set up a pro- 
gram which will have an appeal to the 
student. Our graduate council has been 
willing to give one-quarter residence 
credit for the six months of industrial 
residence, provided the work done in in- 
dustry is of a caliber to warrant thesis 
eredit. If no credit is given for the 
thesis, then of course there will be no 
residence credit going with it. This is 
the loose end of the program. 

We are convinced that there are prob- 
lems in industry and methods of coopera- 
tion which will allow the student to satis- 
factorily complete a thesis while he is on 
the job. Our experience, for example, 
at the Norris laboratory indicates that a 
problem may be selected which is of 
interest to the Tennessee Valley Author- 
ity, and certainly of sufficient importance 
to allow the student to work for thesis 
credit. I am sure that there are certain 
problems in design, especially in the 
fields of civil and mechanical engineering 
which may be done by a student and re- 
ported to his professor for graduate 
credit. 

Industry is very anxious tu find em- 
ployees from any souree. This may be 
a part of the reason for their optimism in 
stating that they are willing to start the 
cooperation. It is our hope that we can 
develop the work in industry to such a 
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point that it will contribute to the gradu- 
ate education of the student. If this 
eannot be done, then a graduate program 
in industry will be of very doubtful value, 
except as a possible source of earnings 
to complete the rest of the program back 
at the university in residence. 
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We invite comment on, and criticism 
of, the plan. We hope that within a year 
or two of trial we can report back that 
the scheme is workable. We will be very 
glad to exchange information and exper- 
ience with any other college of engineer- 
ing which will undertake such a program. 


College Notes 


The governing board of the Colorado 
Agricultural and Mechanical College at 
Fort Collins has approved the offering of 
a Ph.D. in Irrigation Engineering. This 
is the first doctor’s degree to be offered 
at the College and is in a field for which 
it has achieved a notable record since 1887. 
The degree will be administered in the de- 
partment of Civil Engineering, which has 
been offering advanced work in Irrigation 
Engineering for a number of years. The 
work will be given in conjunction with 
programs of the Irrigation Institute. 
These are broad and intended to cover all 
aspects of the field of irrigation agricul- 
ture. In engineering it can include the- 
oretical or applied fluid mechanics, design, 
soils and water, operation and manage- 
ment, or project planning. 


Dr. Paul E. Klopsteg, Professor of 
Applied Science and Director of Research 
of Northwestern University, has been ap- 
pointed Assistant Director of the National 
Science Foundation for the Division of 
Physical, Mathematical and Engineering 
Seiences. This Division is the largest in 


scope of the Foundation’s four science di- 


visions. With the aid of expert con- 
sultants representing the various scientific 
areas included in his division, Dr. Klop- 
steg plans to begin work immediately on 
a program of research support in these 
areas. 


Carnegie Institute of Technology has 
received a $300,000 grant from the A. W. 
Mellon Educational Charitable Trust to 
permanently establish A. W. Mellon 
scholarships. The grant is in the form of 
an endowment, income from which will be 
used by the school to help approximately 
35 deserving students each year. Estab 
lished in 1938, the scholarships were main- 
tained until now by yearly grants from 
the Mellon Trust. 


An $80,000 scholarship program, de- 
signed to help alleviate the critical short- 
age of industrial engineers, has been 
initiated by the Reliance Electrie & Engi- 
neering Company. The program provides 
for the admittance of eight qualified high 
school graduates annually to the School of 
Engineering of Fenn College. 








Extension Instruction in Engineering 


By C. W. BEESE 


Dean, Technical Extension Division, Purdue University 


A program of instruction in “mechan- 
ies” or comparable technical courses and 
which is within the broad field of “adult 
education” is sufficiently important to 
warrant analysis of the influencing fac- 
tors which determine the feasibility of 
such a program. There are some funda- 
mental considerations which more or less 
determine the characteristics of a pro- 
gram of this kind. These considerations 
may be used to evaluate any adult edu- 
‘ation situation and arrive at a recom- 
mendation based upon the relative im- 
portance of the factors involved in a 
situation under study. 

Dr. Holt’s discussion deseribes a solu- 
tion to an adult education need arrived 
at in a situation where the schools and 
the industries served are located in close 
proximity. The programs which he out- 
lined have proved by experience that 
they serve effectively the needs of the 
students and the industries and safe- 
guard, at the same time, the academic 
respectibility of the universities involved. 

Fundamentally any adult education 
must be satisfactory to the student, to his 
employer, and to the sponsoring educa- 
tional unit. The program must be satis- 
factory as to quality, appropriateness 
and cost. It arises from a need by quali- 
fied students expressed in a desire for 
eulture or for vocational proficiency. 
The need may be translated into an oper- 
able program providing qualified teachers 
are available, physical facilities are at 

* Presented before the Engineering Me- 
chanics Division at the 59th Annual Meeting 
of the ASEE, East Lansing, Michigan, 
June 29, 1951. 


hand, and the cost of the program is such 
that economically it is possible through 
fees or subsidy. 

This discussion will review the cireum- 
stances which determine whether engi- 
neering subjects can be taught within an 
adult education program at an accept- 
able cost level and with academic re- 
spectibility. Important factors are the 
numbers and qualifications of prospective 
students, availability of an acceptable 
teaching staff, the demand for instrue- 
tion as it is translated into subject mat- 
ter areas, relative geographic locations 
of the institution and its branches and 
the students at work and at home, fiscal 
policies as to fees and subsidy for in- 
struction and procedures of operation, 
both academic and financial. 

Some limitations which affect adult 
education in the fields of engineering are 
not of importance with regard to general 
adult education activities. In the sub- 
ject matter areas of engineering, whether 
in mechanics or some other subject, it is 
ordinarily true that satisfiable needs 
exist mainly in an industrial concentra- 
tion. Such a concentration of industry 
is more important when it uses much 
engineering and many engineers. It is 
in this situation that needs for further 
study arise from the desire on the part of 
engineering personnel for job advance- 
ment, because the industry must offer 
educational opportunities as an induce- 
ment during recruiting or because in- 
dustry requires technical training in 
order to conduct its business. 

An engineer interested in further 
study is fortunate if his residence and 
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his job are located close to an institution 
of engineering education. It is possible 
to pursue in evening classes many of the 
subjects given to campus students on a 
schedule which does not interfere with 
full time employment. Campus facili- 
ties in laboratories and campus teaching 
personnel are available for evening in- 
struction. Where part-time or visiting 
lecturer instruction is used, the supervi- 
sion from the subject matter department 
is relatively simple. 

The student employed by an industry 
in a locality where there is no technical 
educational institution is up against quite 
a different proposition. He, or the edu- 
cational facility, must travel. If he is one 
of a small number, the possibilities of his 
getting instruction at home are none too 
good. If he is one of a large group, it 
is economically possible to bring the in- 
struction to him. The type of program, 
the subjects offered, the level of instrue- 
tion, the fees charged are all affeeted by 
a need for instruction at a locality other 
than where an engineering institution is 
located. 


Responsibility of Subject Matter 
Department 


The subject matter department must 
be thoroughly convinced of the worth- 
whileness of adult education. It must 
recognize that the activity is just as re- 
spectable and must as honestly carry the 
stamp of approval as if a class were on 
the campus. The assumption of re- 
sponsibility by the subject matter de 
partment for quality of instruction means 
a very close contact with the teacher, a 
check on the qualifications of the stu- 
dents, and a thorough understanding of 
the problems involved in the operation of 
the class. A campus teacher may never 
receive a critical visit from his depart 
ment head. On the other hand, an off- 
campus class in a catalog course or an 
adult education class which is outside ot 
the regular catalog listing needs and 
should get close supervision of a helpful 
type. 





The responsibilty for an adult educa- 
tion class in engineering on the campus 
or at some distance from it involves many 
of the sub-divisions of the sponsoring 
institution but it is generally aecepted 
that the subject matter department as- 
sumes the major responsibility with re- 
gard to instruction. This responsibility 
involves the educational aspects of the 
class such as the quality and level of in- 
struction, course content, use of text and 
supplementary reading, the selection and 
supervision of teachers, and the quality 
of instruction with respect to its suit- 
ability to meet the recognized need. 

When the educational institution gives 
no credit for the class work and the stu- 
dents are satisfied that they are getting 
what they want at a cost which they are 
willing to pay, supervision is less critical. 
However, if credit, either undergraduate 
or graduate, is involved then the univer- 
sity must not only satisfy its own re- 
quirements but put its label only on 
educational achievements which may be 
certified to another institution with a 
guarantee of quality. 

The selection of a teacher for an adult 
class may be more critical than for a 
elass of undergraduates on the campus. 
Undergraduates take courses in a fixed 
curriculum and eredit in courses must be 
obtained in order to receive a degree. 
On the other hand, adults take work be- 
cause they feel they are getting a fair 
return for their investment in time and 
money and are quick to complain about 
or drop out of a class if they are not 
happy. The teacher is more frequently 
on the spot than the student. It has been 
said that on the campus, the teacher 
flunks the students but in adult classes, 
the students flunk the teacher. 

The choice of a part-time teacher from 
industry is important too and just as 
eritieal. Many industry 
know subject matter. But in addition 
they should be able to handle a class with 
some facility. A teacher, 


persons from 


degree ot 


whether he is from the campus or from 
industry, must be able to point his course 
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to meet the needs and level of prepara- 
tion of his students. 

A teacher of an adult education class 
must frequently furnish much more ma- 
terial in the form of teaching aids and 
supplementary reading than if he were 
handling a campus class. Adults are 
strongly motivated, but, on the other 
hand, do not have the study facilities nor 
are they in the study habit like under- 
graduates. The teacher need not neces- 
sarily go more slowly but he needs to 
guide just as carefully. 

Adult education as it is usually defined 
includes a wide variety of offerings. 
When the program is within the fields of 
engineering the course offerings are usu- 
ally those found in a university ecurric- 
ulum. These courses may be for credit 
or they may be without credit. Primarily 
this choice depends on the use which the 
student wishes to make of the training 
he receives. Work taken “for credit” 
usually means that the credits received 
are applicable to some kind of a degree. 
This may be an undergraduate degree or 
an advanced degree obtained through 
graduate level study. 

Work of this kind in engineering sub- 
jects is more frequently found in organ- 
ized classes conducted similarly to the 
way classes would be held on the campus. 
There is, however, some work given 
through correspondence and while this 
may be the smaller amount, it is an im- 
portant type of instruction. 


Credit and Non-Credit Courses 


In a group of persons interested in 
engineering study, there is usually a mix- 
ture of those who want credit toward an 
immediate or a possible degree objective 
and those who are interested in study 
for the sake of personal development 
alone. It is not always possible to or- 
ganize these groups separately. In other 
respects they may be quite homogenous 
and the tetal group if split in two is not 
financially economical. It is not as im- 
portant to scrutinize the qualifications of 
persons who are not interested in credit. 


If they have a background such that they 
may profit by as much or as little as they 
wish to do and are willing to earry the 
cost financially, there is no good reason 
why they should be denied the privilege 
of going to class. On the other hand, a 
mixture of both groups in a class may 
cause difficulty. Persons less qualified 
and who join classes as visitors or non 
credit students may monopolize an in- 
structor’s time if it is permitted. If they 
are less prepared, they make it difficult 
for the teacher to hold instruction to a 
“eredit” level. A visitor in a class ordi- 
narily has no rights with regard to dis- 
cussion or individual attention, except 
what he may contribute to the general 
fund of information. The teacher has 
to recognize his responsibility to those 
who are obtaining work of a pre-deter- 
mined level of quality and quantity. He 
has much less responsibility for reeog- 
nizing the visitor except as a’ listener. 
A sprinkling of non-credit or visitor 
students may be beneficial but where 
separate classes can be developed, it is 
preferable. 

Special courses can be organized for stu- 
dents of a specific industry. Problems may 
involve operating practices within a plant 
and the class itself may be held within 
the plant. Closed classes have certain ad- 
vantages. Where the teacher is familiar 
with the situation within the industry, 
he may make the elass much more worth- 
while than if it is a general one. Locat- 
ing the class within the plant saves time 
of the students and if the instructor may 
come to the class an overall saving ean 
result. 

Public institutions are not in a position 
to offer closed classes exclusively. Any 
industry and any individual have equal 
privileges. A closed class, therefore, 
offered for the employees of a company 
must, in most eases, be duplicated by an 
equal opportunity for other persons who 
wish the same opportunity. 

Most universities have rules which re- 
quire that a certain proportion of the 
work toward a degree must be taken 








at 
de 
tu 
at 
W 


~— *® Cy ee OO Re 


ia sa in 6k: eee ee ae at 








et Se 


ovr NN 








EXTENSION INSTRUCTION IN ENGINEERING 207 


“in residence.” The proportion of resi 
dence instruction varies from one insti- 
tution to another. The primary consider- 
ation is that a student shall be connected 
with the institution long enough to get the 
feeling obtained through contact in and 
out of class with campus teaching person- 
nel. It is possible to make arrangements 
so that the complete program may be 
taken away from the “campus” if work 
is done in connection with established 
facilities for instruction. 

Student residence is an important con- 
sideration for adult education classes. 
Persons most likely to benefit by further 
study have jobs and are barred from at- 
tendance at a distant class because of job 
limitations and travel time. Few people 
ean take a semester or a year away from 
the job to do graduate work. A larger 
number of persons can benefit by stretch- 
ing a graduate program over a period of 
years and continuing with the job at the 
same time. It is felt that a lessening of 
the so called residence requirements is 
justified if suitable safeguards are taken 
at the same time to insure that the stu- 
dents’ qualifications and the quality of 
instruction are satisfactory. 


Promotional Techniques 


Adult education, in spite of a general 
acceptance of its value, must be sold to 
prospective participants. Evening classes 
must be made attractive enough to com- 
pete successfully with a host of off-the- 
job activities. Schools try a combination 
of all the good promotional techniques 
that they can afford. 

Announcements by mail, by poster, by 
word of mouth, and by suggestion through 
employers are all important. Such an- 
nouncements must go to qualified persons 
in a way which will persuade them to 
make a major assignment of what would 
otherwise be recreational time to an ac- 
tivity which, while it may be stimulating, 
is confining to an annoying degree. 

The teacher, his personality and the job 
he does have a lot to do with the enroll- 
ment of repeat courses. This is an ele- 





ment of major importance affecting the 
value of the instructor to his employing 
institution. 

Registration procedures in cases where 
credit is involved ean follow closely the 
procedures on the campus. Registration 
involves recording the information con- 
cerning the student himself, the courses 
he is taking, and the collection of fees. 
Handling money away from the bursar’s 
office on the campus may involve taking 
care of money in an out-of-the-way loca- 
tion and at times of day which do not 
coincide with banking hours. All of 
these problems are of a business nature, 
ordinarily do not concern the teacher on 
the campus at all, and should not be 
thought of with respect to the total re- 
sponsibility of the subject matter de- 
partments. 

Adult edueation classes are held in a 
variety of locations. School houses, in- 
dustries, or almost any suitable space 
may be used where it can be rented or 
obtained on a loan basis. 

One of the arrangements which involves 
not only the business of providing facili- 
ties but the responsibility of the aca- 
demie units of the University is the pro- 
vision of satisfactory library facilities. 
These may be furnished in a number of 
ways but are important enough so that 
some provision should be made for them. 


Financial Arrangements 


It is generally recognized that adult 
education activities must support them- 
selves financially though to a varying 
degree. Few institutions can afford to 
subsidize such a program beyond fur- 
nishing some overhead items. Fees ordi- 
narily carry the direct cost of the 
teacher and other items directly charge- 
able to the elass, and must earry a con- 
tribution toward general overhead as 
well. The amount of money involved 
depends, to some extent, upon the type of 
teacher used in the elass, travel cost and 
some lesser items. 

When a campus teacher travels from 
his home base for a distance which in- 
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volves a considerable expenditure of his 
time, the demands of an adult education 
assignment may be out of proportion to 
those of a comparable class within his 
normal campus environment. From one 
viewpoint, it is only fair that the off 
campus class carry that proportion of the 
instructor’s salary in ratio to the amount 
of his total time consumed by the class. 
This may be a prohibitive charge and ean 
be met only if fees are abnormally high 
or if classes are larger than good teach- 
ing practices ordinarily recommend. 
Charges for travel may be a sizeable item 
of cost. 

The part-time teacher who has no 
travel involved, and who may be expected 
to charge against a class an amount com- 
parable to his effort tempered somewhat 
by his interest in doing the job, can be 
handled much more cheaply than a 
campus teacher. At the same time, this 
person may require much more super- 
vision than the campus man. Arrange- 
ments as to pay for the teacher and the 
collection of the fees to meet this cost 
come within the business aspects of the 
adult education program. 

As far as the university is concerned 
it makes little difference whether the stu- 
dent pays the fee as an individual or 
whether his employer subsidizes part or 
all of it. Perhaps the accounting is a 
little more complicated if the arrange- 
ment is flexible but this affects only pro- 
cedure. For the moment, at least, a 
more serious complication is where the 
cost of instruction is borne wholly, or in 
part, by the Veterans Administration 
through the subsidies of their pregram. 
The university becomes involved in the 
collection of amounts due for books as 
well as instruction and must maintain 
the type of record which bears govern- 
ment scrutiny. 

Where off-campus instruction must 
earry its own weight financially, there 
is a temptation to develop classes of ab- 
normal size because it is much more eco- 
nomical to teach large groups. Teacher 
costs for accepted travel and salary are 
no more for a large class than for a small 


one. It is accepted that some subjects 
may be taught in large units. This is 
not so true in connection with engineer- 
ing or other technical topies. The size 
of the class as it actually develops is 
a compromise between the class large 
enough to carry the cost of instruction 
at a reasonable charge per student and 
the class small enough so that the quality 
of instruction is satisfactory. It is dif- 
ficult to set arbitrary figures but, on the 
other hand, if reasonable consideration 
is given to the two opposing factors, the 
resulting answer is not too far wrong. 

Where work is taken for credit, the 
record of accomplishments is logieally 
a part of the registrar’s responsibility as 
if the student were an undergraduate on 
the campus. Admission requirements es- 
pecially for graduate students can satis- 
factorily follow the same procedure as 
for full time students on the campus. 
Requirements for degrees and the degrees 
granted need bear no unusual designation 
since no actual difference exists in the 
kind of study program completed. 

Low income and high teacher costs for 
small classes make it difficult for the lone 
student in a small population area to 
get the advantages of further study. 
For him home study methods offer some 
advantages. There are many subjects 
where instruction is difficult. On the other 
hand, this type of instruction is much 
more valuable than is: generally recog- 
nized. 

Developing a correspondence course 
means a sizeable investment which must 
be returned through enrollment fees 
within a reasonable length of time. 


Summary 


In summarizing, it may be pointed 
out that an adult education program can 
include many offerings in engineering 
and associated subjects. Such offerings 
may be at undergraduate and graduate 
levels, either with or without credit to- 
ward a degree. In some situations, such 
instruetion presents little difficulty; in 
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others it becomes much more complicated 
and*may require some compromises with 
campus procedures. However, if there 
are qualified students in sufficient num 
bers to pay costs, an acceptable teacher 
available, and proper supervision by 
campus subject matter departments and 
business offices, a substantial amount of 


In the 


The $3,500,000 appropriation for the 
National Science Foundation in the Sup- 
plementary Appropriation Act of 1952, 
will enable the Foundation to start im- 
mediately on its two major operating 
programs: support ol 
the sciences and training of scientific man- 
power. Up until now the Foundation has 
been concerned primarily with planning 
and with the problems of organization and 
staffing prior to beginning its operating 
program. 

The reduction in the appropriation 
from the President’s budget request of 
$14,000,000 for fiseal 1952 has required 
material sealing down and adjustment of 
the program originally presented to the 
Congress. According to Dr. Alan T. 
Waterman, director of the Foundation, 
approximately $1,500,000 of the available 
funds will be allocated for the support of 
basie research in biology, medicine, math- 
ematics, the physical sciences, and engi- 
neering; about $1,350,000 for the training 
of scientific manpower; and the balance 
for development of a national policy for 
the promotion of basic research and eduea- 
tion in the sciences, for the wider dis- 
semination of scientific information, and 
for other services including support of the 
National Scientific Register, now estab- 
lished in the Office of Education. 

Basie scientific research will in 
cases be supported by means of research 
grants. No grants have been made to 
date, although a considerable number of 
research proposals have been received 
from investigators in all parts of the 


basie research in 


most 
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education in engineering is en 


A plan flexible enough 


adult 
tirely practical. 
to adjust to varying situations can be 
operated with 
spectability and perform a tremendous 
service to persons who require additional 
education to advance in the technical 
environment in which they are employed. 


complete academic re 


News 


United States. It is expeeted that many 
more proposals will be received shortly. 

Proposals for research grants will be 
given preliminary evaluation and review 
by the Foundation’s three research divi 
sions: the Division of Biological Seiences 
under Dr. John Field, the Division of 
Mathematical, Physical and Engineering 
Sciences under Dr. Paul Klopsteg, and the 
Division of Medical Research under Dr. 
John Field (acting). Each Division will 
he assisted in evaluation and review by a 
Divisional Committee, made up of out 
standing scientists in the field, and by 
expert consultants employed on a part- 
time basis. Grants will be approved by 
the Director and the 24-member National 
Science Board, chairman is Dr. 
James B. Conant, president of Harvard 
University. 

The National Science Foundation Grad- 
uate Fellowship program will be directed 
by the Division of Scientifie Personnel and 
Education under Dr. Harry C. Kelly. 
Selection of fellows will be made solely 
on the basis of ability and will be carried 
on by the National Research Council, 
which has participated in the selection of 
fellows for various government and priv- 
ate agencies for many years. 

Applications will be considered from 
students in the natural sciences who have 
or will have completed their undergrad- 
uate work in any accredited college or 
university. Fellows may attend any ae 
credited non-profit institution offering 
graduate studies in science which approves 
their application for admission. 


whose 


A Study of the Correlation Between Sophomore 
Achievement Test Scores and College Grades 


By J. A. HILL 


Director of Student Personnel and Admissions, New York University College of Engineering 


The Sophomore Achievement Tests 
have been developed by the Measure- 
ment and Guidance Project in Engineer- 
Education to provide measuring instru- 
ments of value in testing students for 
promotion and testing applicants for ad- 
mission to engineering colleges with ad- 
vanced standing from liberal arts and 
junior colleges. The first version of 
the tests was made available in the spring 
of 1948; revised tests were available in 
the spring of 1949 and 1950. 

This study is based on the results 
obtained when the tests were given on 
March 29, and 30, 1948 to students in the 
College of Engineering, New York Uni- 
versity, who at the time were in the latter 
part of their sophomore year. Although 
252 students took the tests, the sample 
group numbers only 87, for the reason 
that this study grew out of a larger in- 
vestigation; which required that the stu- 
dents have taken other psychological tests 
in addition to the Sophomore Achieve- 
ment Tests. This factor introduced no 
selectivity and should have no effect on 
the results. 

The tests were all of the achievement 
variety and included the following sub- 
ject areas, with time allowed: English 
Expression, 55 minutes; Engineering 
Drawing, 50 minutes; General Chemistry, 
90 minutes; Mathematics, 120 minutes, 
and Physies (Mechanics), 60 minutes, a 
total of 6 hours, 15 minutes. 

In this study the degree of correlation 
between college grades and test results 
is measured, in each of the five subject 


areas, and also on a composite basis. The 
relation is expressed mathematically in 
each case by computation of the coefficient 
of correlation (r), and is also expressed 
graphically in each case by means of a 
“seatter diagram.” 

The coefficients of correlation between 
college grades in the several subject areas 
and the test scores in those areas have 
been computed as follows. (A widely aec- 
cepted verbal description of the mean- 
ing of correlation coefficients states that 
“substantial” correlation is indicated 
when “r” is from .50 to .80, and “some” 
correlation when “r’”’ from .30 to .50.) 


Chemistry r= .58 
Engineering Drawing r= .44 
English r= 42 
Mathematics r= 4 
Physies r= 50 


The coefficient of correlation between 
the composite test scores and the stu- 
dents’ scholastic averages at the end of 
the sophomore year is: 


Overall r= 58 


The composite percentile score is the 
average of the percentile scores on the five 
subject matter tests.* 

The seatter diagrams (Charts 1, 2, 3, 
4,5) portray graphically the relationship 


* The obtained correlation coefficients re- 
ported here are perhaps slightly lower than 
they would have been had not certain minor 
liberties been taken for practical reasons in 
the use of the product-moment theory. 
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Cuart 4. The correlation between scores on the Mathematics section of the Sophomore 
Achievement Tests and College grades in Mathematics. 4 
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between the test scores and college grades. 
In each ease, the student’s percentile 
score on one of the achievement tests is 
plotted against his average in that sub- 
ject. The same treatment is used to 
show the relationship between the com- 
posite test score and the student’s overall 
average at the end of his sophomore 
year (Chart 6). 

If there were perfect correlation be- 
tween the two variables, the dots should 
form a straight line running from the 
lower left quadrant to the upper right 
quadrant, passing through the intersec- 
tion of the 50th percentile line (# axis) 
and the group average (y axis). In 
broad simple terms, dots falling in the 
lower left quadrant and upper right 
quadrant are “in phase”; those in the 
upper left and lower right quadrants 
are out of place. The dots in the upper 
left quadrant represent students who did 
not do as well on the test as might be 
expected, while the dots in the lower 


right quadrant represent students who 
seored higher on the test than would be 
expected. 

The percentile scores are based on 
norms for 3668 students at 10 colleges 
who took the tests in the spring of 1948. 

It may be observed from the charts 
dealing with the individual subject areas, 
(Charts 1 through 5) that the dots are 
quite widely dispersed, and that in al- 
most all cases there is a comparatively 
large number of dots in the upper left 
quadrant and in the lower right quad- 
rant. This dispersion indicates a com- 
paratively low degree of discriminatory 
power and might be interpreted to mean 
that the individual tests could not be used 
with confidence for the purpose of meas- 
uring past achievement in, or predicting 
future performance in, individual sub- 
ject areas. An exception to this generaliza- 
tion should be made, however, for the 
Chemistry test. The relatively higher de 
gree of correlation of this test, as com- 
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Achievement Tests and College grades in Physics (Mechanics). 
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Cuart 6. Showing the correlation between total Sophomore Achievement Test scores and 


overall scholastic averages at 


pared with the others, is apparent upon 
careful examination of the charts. It might 
also be appropriate to interject here that 
diagrams of the type used should be in- 
terpreted with discretion as a visual il- 
Jusion factor is sometimes present. 

On the other hand, it may be seen that 
the total test score would be of consider- 
able value in the evaluation of an indi- 
vidual student’s attainments. If his total 
test score is below the 30th percentile, 
it is quite likely that he has been an un- 
satisfactory or mediocre student. If his 
test score is above the 70th percentile, 
the chances are that he has been a good or 
excellent student. Note on Chart 6 that 
of the 12 students attaining composite 
test scores at or higher than the 70th 
percentile, all had satisfactory sopho- 
more averages, and only 2 of the 12 
ranked below the middle of the group. 
Conversely, of the 11 students attaining 
composite test scores at or lower than the 
30th percentile, all except one had un- 


the end of the Sophomore year. 


satisfactory averages at the end of the 
sophomore year. The one exception 
barely attained satisfactory standing 
with an average of 75%. Stated an- 
other way, a good student is not likely 
to score below the 30th percentile, and a 
poor student is not likely to score above 
the 70th percentile. In the eases of those 
students whose total test scores fall be- 
twen the 30th and 70th percentiles, the 
test score will apparently have little 
meaning. As seen in Chart 6, the col- 
lege records of students who scored be- 
tween the 30th and 70th percentiles 
range from very poor to very good. 
The degree of correlation achieved is 
just about as high as can be expected for 
a group of tests of this kind, and it is 
not likely that the discriminatory power 
of the tests could be raised appreciably. 
The tests will pick out those students who 
are almost sure to fail, and those who 
are excellent bets to perform satisfac- 
torily, but will not draw a line above 
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which all good students will score, and 
below which will be found the scores of 
all the poor students. 

The practical value of the Sophomore 
Achievement Tests would seem to be con- 
fined mainly to the selection of applicants 
for admission with advanced standing. 
After an engineering college had de- 
veloped its own norms, the test would 
facilitate evaluation of transfer applica- 
tions. 

Conclusions 


The individual tests showed little dis- 
erimatory power. Test scores and col- 
lege grades in particular subject areas 


In the 


Sixty-seven young Britons, including 
one woman, have arrived at various uni- 
versities in the United States under a 
Marshall Plan program of academie and 
in-plant training in industrial manage- 
ment and engineering. 

The training in the United States, with 
dollar costs financed by the Economie Co- 
operation Administration under its tech- 
nical assistance program, is expected to 
help increase productivity in British in- 
dustry by providing a nucleus of industry 
executives trained in the latest manage- 
ment and engineering techniques. Eighty- 
six British trainees have previously come 
to the United States under this program. 
Some of these have completed their work 
and have returned home, while others are 
still here. 

Sixteen of this group will study at 
Syracuse University, the 18 others at the 
University of Cincinnati. The plant visits 
will be in the respective areas of the two 
universities. The program is supervised 


correlated well in the upper ranges, 
but not too well in the middle and lower 
ranges. 

The high degree of correlation between 
composite test scores and college averages 
in the extreme upper and extreme lower 
ranges seems to indicate that the tests 
would be useful in the selection of ap- 
plicants for admission from two-year pre- 
engineering programs. The tests ap- 
parently will pick out those students 
who are almost certain to succeed, and 
those who are almost certainly doomed to 
failure. 


September 21, 1950. 


News 


by the National Management Couneil for 
ECA. 

The 33 engineers in the other group 
have qualifications similar to those in the 
management group in their own field, and 
they also have agreed to return to their 
positions in the United Kingdom. 

Their program, arranged by the In- 
stitute of International Education for 
ECA, consists of individual studies in the 
respective fields of the participants. These 
inelude electrical, civil and mechanical 
engineering, mining, textiles, petroleum re- 
fining, aeronautics, metallurgy and chem- 
istry. 

The academie part of their training will 
in most cases be for one semester, at 21 
U. S. universities, colleges, research foun- 
dations and technical institutes. The 
balance of the training will be practical, 
at industrial plants or publie works agen- 
cies. In two eases, trainees are starting 
the program with the practical training 
rather than the academie work. 
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The Graduate Program in Industrial 
Engineering at the Ohio State University * 


I. Graduate Work in Methods and Standards 


By HAROLD O. DAVIDSON 


Instructor in Industrial Engineering, Ohio State University 


While the title of this paper refers to 
what is administratively defined as the 
Methods and Standards area, a precise 
delineation of this area in terms of grad- 
uate work is rather difficult. At first, 
“Methods and Standards” was selected 
merely as a better name for what is com- 
monly ineluded under the title “Time and 
Motion Study.” As our graduate re- 
search progresses, however, we find our- 
selves led into zones which are either 
ignored or but superficially touched upon 
in what is contemporaneously known at 
Time and Motion Study. In diseussing 
graduate work in the Methods and Stand- 
ards area, therefore, we are defining the 
title broadly to include whatever we may 
be led into through fundametal investiga- 
tion of the problems. 


Objectives of Advanced Study 


If a clear understanding of our gradu- 
ate work is to be conveyed, it is perhaps 
desirable that we next define the objec- 
tives of advanced study. We believe that 
the qualified candidate for a graduate 
degree should possess a broad perspec- 
tive of his general field and its fune- 
tional relationship to industry and so- 
ciety, together with a critical compre- 
hension of the problems and techniques 
within his area of intensive study. He 


* Condensed from two of the three papers 
presented under this title at the ASEE An- 
nual Meeting in East Lansing, June 25-29, 
1951. 


should be able to plan and conduct 
original investigations and to report 
them in a manner which exhibits logical 
thought and competent use of the Eng 
lish language. These objectives are fairly 
well summarized as: background know! 
edge, analytic ability, and facility in 
communication. In addition to these 
there is one other objective for which we 
hold ourselves responsible. We must uti- 
lize the superior talent and abilities of our 
graduate students toward the fundamen- 
tal advancement of the area. Considering 
the retarded development of this area 
in comparison with, say, Quality Control, 
we cannot afford to waste intellectual 
ability on trivial investigations, surveys, 
and the like. The record of the past 
several decades suggests rather strongly 
that we cannot expect fundamental de 
velopment from the practioners in the 
area. 

Having defined the objectives it next 
became necessary to decide upon the 
means for attaining them. From our 
original premises we came rather directly 
to the conclusion that the student’s abili- 
ties should be directed into research on 
major problems. From this it followed 
logically that we must provide adequate 
facilities to carry out such research; that 
there must be a broad selection of fun 
damental courses to fit the student for 
his proposed research as well as to pro- 
vide him with a broad perspective; that 
we must have graduate students with 
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ability and motivation commensurate to 
the task; and finally, that there should 
be opportunities for the type of faculty- 
student relationships necessary to carry 
such a graduate program to fruition. 
The remainder of our paper is an ex- 
pansion on these points. 

Coincident with the determination of 
a basie research policy we recognized that 
some sort of long-range planning was 
required. Establishment of a list of 
proposed research projects proved un- 
satisfactory, for what appeared to be 
a major project was sometimes revealed 
by susbsequent study to be premature or 
inadequately defined. We were headed in 
the direction of further contributions to 
the trivia with which the literature al- 
ready abounds. This realization reori- 
ented us away from the concept of neatly 
packaged thesis projects toward a scheme 
of basic programs having no_ predeter- 
mined duration and within which thesis 
work might be done as frequently and 
by as many students as the status of the 
programs from time to time should war- 
rant. 


Research Facilities 


As some of our research programs be- 
gan to develop it was apparent that we 
did not have adequate facilities for the 
work that we were embarking upon. 
We needed space where apparatus could 
be set up for the duration of a study, 
without interfering with our under- 
graduate laboratory work which was also 
expanding. We needed desk space for 
our graduate students at a time when 
there was insufficient office space for the 
staff. During this critical period the de- 
partment augmented its permanent space 
to some extent, but mainly through an 
extensive study and re-allocation of ex- 
isting facilities the space utilized by the 
Methods and. Standards area was _ in- 
creased by 250% over the past five years. 

Another sort of inadequacy in our 
facilities was equipment—particularly in- 
strumentation. Actually, ours was about 
as good as would be found anywhere but 
the fact remained that the old stand- 


bys—the kymograph, marstochron, micro- 
motion cameras, ete.—were obsolete to. 
certain important types of studies. We 
were, and are increasingly dealing with 
multivariate phenomena. To generalize 
our findings with any degree of confidence 
it would be necessary to collect, in many 
zases, a rather respectable amount of 
data and subject them to extensive statis- 
tical analyses. The use of existing in- 
struments for collecting these data would 
involve subsequently such an expendi- 
ture of clerical effort—such a waste of 
graduate talent—that we assigned a high 
priority to the development of modern 
instrumentation. Since modern instru- 
mentation has become a specialized field 
in itself, it seemed uneconomical and 
even foolish that we should undertake 
this work ourselves. The problem was 
approached, therefore, by confining our 
efforts to the development of functional 
specifications which were then presented 
to electronics and instrumentation spe- 
cialists in other Departments of the Uni- 
versity. Thus, the Department of Elec- 
trical Engineering deserves major credit 
for the progress on some of our princi- 
pal instrumentation projects. 

A logical corollary to the instrumenta- 
tion projects was the procurement of 
computing equipment to reduce the waste 
of talent in the clerical phases of data 
analysis. And along with these facili- 
ties we seemed to need another to re- 
duce the time spent by students in or- 
ganizing literature studies, collecting the 
material, and segregating from it that 
which was pertinent to their problem. 
Unfortunately, there was no service in 
this area corresponding to Psychological 
or Chemica] Abstracts. The solution ap- 
peared to be a department abstract file 
for use of the staff and graduate stu- 
dents. Forms were designed and printed, 
and the file began to grow. Each stu- 
dent would check his study list against 
the file, using the abstracts to screen 
those titles which were listed. For all 
those not listed he went to the library 
and in the course of his study prepared 
abstracts which were in turn added to 
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the department file. Our original clas- 
sification system, however, had _ been 
poorly conceived and soon became in- 
adequate. Furthermore, we felt that 
mechanical sorting in addition to re- 
vised classification would greatly en 
hance the value of the file as a facility 
for graduate study. This work is now 
nearing completion. 


Graduate Course Work 


Thus far we have discussed a number 
of facilities which are important in our 
scheme of graduate work. To make ef- 
fective use of these facilities in his in- 
dividual studies, the student should be 
prepared through a program of course 
work tailored to fit his needs and abili- 
ties. To set up such programs there 
should be available a broad selection of 
fundamental courses. This requirement 
is satisfied in the large university, would 
be sometimes difficult to meet in the 
small college, and would practically 
never exist in the purely technical school. 
Some of our students, for example, take 
as many as 10 or 12 quarter hours in 
Experimental Psychology, others take a 
similar amount of course work in mathe- 
matieal statistics beyond the calculus, or 
they may take minors in Economics, 
Physiology, ete. Another advantage of 
the University appears in the avail- 
ability of top authorities in other fields 
to serve as special advisors on thesis re- 
search which has extensions into zones 
where we are admittedly far from being 
an authority. We have seen many in- 
stances where such on arrangement would 
have avoided a lamentable waste of re- 
search effort. Within our Department 


INDUSTRIAL 








ENGINEERING 219 
the descriptive approach has no place in 
A student of 
craduate caliber does not require faculty 


assistance to digest descriptive material. 


the graduate level course. 


The course work, therefore, is reserved 
for analyses of problems, dissection of 
contemporary methodologies and identi 
fication of the assumptions on which 
they are based, planning of investiga- 
tions and analysis of results, study of 
research techniques and evaluation of re 
search. 

In short, the purpose of the course 
work is to mature the student intellec- 
tually, to construct a base from which 
he may continue to educate himself. In 
addition to an individually tailored plan 
of course work, the graduate student 
needs and is entitled to an opportunity 
for close contact with the faculty. The 
graduate program must be recognized 
as a process of developing the superior 
students and cannot be subjected to the 
administrative criteria for undergraduate 
teaching—such as, so many head per 
course-hour. 

Our concept of an adequate graduate 
program, then, includes the establish- 
ment of fundamental research programs, 
the provision of facilities for the con- 
duct thereof, a broad selection of gradu- 
ate course offerings in the University, stu- 
dents with ability and motivation com- 
mensurate to the task (a point we have 
not detailed for lack of space), and an 
opportunity for close faculty-student re- 
lationships. The provision of these req 
uisites is not merely a function of de- 
partmental staff endeavor, but of coop- 
eration with other Departments and 
support of the Administration as well. 


II. Graduate Work in Quality and Production Control 


By LORING 


G. MITTEN 


Instructor in Industrial Engineering, Ohio State University 


This paper will concern itself with 
graduate work in the areas of Produc- 
tion Control and Quality Control in the 





Industrial Engineering Department of 
the Ohio State University. Particular 
emphasis will be given the relationship 
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between the graduate and the research 
programs in these areas. Two specific 
problems will be considered in detail: 


1. The character of the field in which 
research is to be undertaken, and 

2. The intellectual resources available 
for use in the research. 


Meaningful research is not likely to 
spring solely from the “urge to research.” 
Answers to the questions posed here are 
prerequisites to the design of specific 
research programs if fundamental con- 
tributions are desired. 


Character of the Field 


First, let us consider the character and 
degree of development of the field in 
which research is to be undertaken. On 
the one hand, there is Production Con- 
trol which, from the basie research point 
of view, is almost totally undeveloped—it 
is a field which lacks fundamental uni- 
fying concepts and theories; a field 
abounding in rules-of-thumb, and in 
which practical experience substitutes for 
logical and rational method. 

This situation offers great opportunity 
and at the same time a most difficult 
problem in research: opportunity —be- 
cause progress is possible in almost any 
direction: a problem because this same 
lack of an established basing point and 
direction’ gives rise to the necessity for 
really original and creative thinking. 

Statistical Quality Control represents 
the opposite extreme. This subject is 
firmly grounded on well-validated basie 
theories and concepts, and its methods 
and techniques have been developed logi- 
cally from these theories. Two choices 
faced us here: we could either concen- 
trate our efforts on further elaboration 
of the basie theory and principles, or we 
could devote ourselves to the develop- 
ment and extension of practical tech- 
niques and methods from existing theory. 
We chose the latter alternative, and we 
now have a quite active group of re- 
search programs under way. For ex- 


ample, we have undertaken studies aimed 


at the development of new or simpler 
quality control techniques, at the intro- 
duction of economic considerations into 
quality control in a more explicit fash- 
ion, at extending the use of quality con- 
trol techniques and the methods of mathe- 
matical statistics to new problems and 
new fields, ete. 

The above discussion should serve to 
point out a basie fact: different fields of 
study have different characteristics and 
these characteristics impose definite con- 
ditions on the type of research which 
ean be undertaken and the manner in 
which it must be earried out. We have 
had to recognize this fact in developing 
our Quality Control and Production Con- 
trol research programs; the objectives 
and methods of execution of the pro 
grams have been tailored to the char- 
acteristics of the field in order to utilize 
our research potential to best advantage. 


Intellectual Resources 


We now turn to the second problem 
which arises in defining a research pro- 
gram—the question of available intel- 
lectual resources. 

Probably the most important determi- 
nant of the type and ealiber of research 
which ean be undertaken is the capability 
of the departmental staff responsible for 
research work and graduate training. 
We have found that the greatest stimu- 
lant to creative and eritical thought 
comes from assembling a staff with widely 
divergent backgrounds and training and 
giving them the opportunity to inter- 
change ideas freely. To illustrate the 
benefits of this policy, let use briefly 
consider the course of development of 
one of our most significant accomplish- 
ments in Production Control—the formu- 
lation of a new theory of scheduling. A 
discussion of the inadequacies of pres- 
ent scheduling methods brought the 
problem to the attention of our staff 
mathematician. He formulated the prob- 
lem in mathematical terms and was able 
to develop a solution to it. Later, as a 
result of discussions of this solution, 
another staff member was able to inter- 
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ject an economic criterion into the prob- 
lem and thus further extend the utility 
of the results. The whole development 
was made possible only by the rather di- 
verse abilities and viewpoints of our 
various staff members and by the free 
interchange of ideas among them. 

Almost as important as the abilities of 
the departmental staff is the availability 
of expert, specialized knowledge outside 
the department. Any really worthwhile 
research program is almost certain to 
raise problems which cut across de- 
partmental lines and lead the researcher 
into fields somewhat foreign to his spe- 
cialty. By far the most desirable solu- 
tion to this problem involves consulta- 
tion between the investigator and some 
individual who is thoroughly familiar 
with the specialized problem involved. 
There can be no question that the asso- 
ciation of our department with a univer- 
sity employing top-ranking scholars in 
various fields is a distinet advantage 
in our research. For example, one of 
our Quality Control research programs 
involves an investigation of the factors 
affecting visual inspection performance. 
In the course of carrying out this in- 
vestigation, we have consulted regularly 
with the chairman of the School of Op- 
tometry and with an expert in the De- 
partment of Psychology. Their aid has 
been of inestimable value in the success- 
ful execution of the project. 

As the last factor in the problem of 
intellectual resources, we must consider 
the caliber and training of graduate stu- 
dents. The graduate student who con- 
tributes only physical and low level in- 
tellectual skills to a research program is 
being deprived of a vital part of his de- 
velopment and training, to say nothing 
of depriving the research program of the 
benefits of fresh approaches and _ indi- 
vidual abilities. If the student is to de- 


rive real value from the research phase 
of his studies, we must be sure that he 
has a proper background in the physical 


sciences, in engineering subjects, in 
mathematies, and in the social and life 
sciences. 

Research in Industrial Engineering al- 
most invariable involves a simultaneous 
consideration of physical and human 
problems. Machines are run by men; 
Production and Quality Control pro- 
cedures are carried out by people and 
the procedures have a definite impact 
on those individuals responsible for the 
operations being controlled. If our re- 
search is to be meaningful, and if the 
results are to be of practical value, our 
eraduate students must have a_back- 
ground which enables them to perceive 
and cope w:th the broad implications of 
the problems with which they are con- 
fronted. The so-called “broadening” sub- 
jects (such as psychology, physiology, 
sociology, ete.) are not merely desirable 
—they are absolutely essential; mathe- 
matical statistics and probability theory 
are musts; matrix theory gives promise 
of becoming a basie tool of great utility. 
We concede that no entering graduate 
student could be expected to be thor- 
oughly conversant with all these fields, 
but we insist that he must have a firm 
foundation from which he ean quickly 
build to the necessary proficiency. 

The suecess of research is highly de- 
pendent on the intellectual capabilities 
of those planning, directing, and execut- 
ing it. These eapabilities must be hon- 
estly assessed and areas of strength and 
weakness delineated; the staff must be 
stimulated and their creative and criti- 
eal abilities developed; strong ties must 
be forged with areas and individuals 
outside the department so that their 
expert knowledge can be brought to bear 
on problems; graduate students must 
have the proper background and train- 
ing and their individual capacities must 
be used to the full. All this must be 
done consciously and vigorously if the 
graduate program is to yield significant 
research results. 


Career Possibilities for the Teacher of 
Engineering Subjects* 


By LOWELL O. STEWART 
Professor, Head Civil Engineering, Iowa State College 


The dictionary suggests that career 
may refer to a “profession or other eall- 
ing demanding special preparation and 
undertaken as a life work.” <A _ poll of 
engineering teachers would, I think, elicit 
from many the statement that they just 
“happened to take up teaching.” Few, 
if any, expected to make it a career. At 
one time I considered sending a question- 
naire to engineering teachers to find out 
why and how they entered the field and 
how long they have been teaching. Re- 
turns from such a questionnaire would 
be interesting, they might have helped 
us to find a better answer to our question. 
We will have to be content with a quali- 
tative rather than a quantitive study. 
Furthermore, I hope that this quick sur- 
vey of the situation will stimulate dis- 
cussion. 

This brings us to the first point of our 
study: do the changing conditions in en- 
gineering make it necessary or desirable 
that we adopt a positive policy of seleet- 
ing and preparing our engineering teach- 
ers of the future? These changing con- 
ditions may be summarized briefly as 
follows: For many years (in fact, prior 
to World War I) engineering was evolv- 
ing from the art stage and there was 
heavy emphasis on empirical engineer- 
ing practice. After World War I, and 
in particular since World War II, there 
has been increasing emphasis on the 
scientific aspect of engineering. We have 

* Presented at Conference of Civil Engi- 


neering Teachers, ASEE Annual Meeting, 
East Lansing, Michigan, June 23, 1951. 


reached a stage in that swing toward sci- 
ence where there are some who say that 
many of our engineering schools are now 
turning out applied mathematicians or 
applied physicists. A third stage in this 
evolutionary pattern is the increasing 
importance of science and technology in 
everyday life, and the growing number 
of engineers who reach executive posi- 
tions where they are called to deal with 
important labor and industrial relations 
problems. Believing in the efficacy of 
course work we have set up courses in 
college where we propose to develop the 
student’s ability to deal with and handle 
people. 

The type of engineering teacher that 
we have needed and have called to our 
classrooms has paralleled the eras that I 
have described. When the emphasis was 
on the art and empirical aspect of engi- 
neering we needed men who had had a 
considerable amount of practical ex- 
perience, men who knew and could teach 
how things were done in the field. Many 
of the older men on our staffs came into 
engineering teaching by way of this 
school of experience route. 


Shifting Emphasis 


As engineering practice moved from 
the art and empirical toward the exact 
science stage so did engineering teaching 
shift its attention. We began to hear 
more about research and graduate work 
Advanced degrees which had been a 
standard requirement for teachers in the 
arts and sciences for many years began 
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to appear in engineering schools. The 
years since World War II have brought 
a large increase in the number of stu 
dents who have earned advanced degrees 
in engineering. Some of this demand 
for more education was induced by the 
liberal provisions of the Veterans’ Edu 
cational Programs. A substantial mum 
ber entered graduate studies because they 
believed that the holder of an advanced 
degree in engineering would be able to 
find his way into types of work that were 
more profitable or more challenging than 
would be available to the holder ot a 
bachelor’s degree. 

Presidents, deans, and department 
heads, sensing the changing educational 
picture in engineering, began to specify 
the master of science degree as a pre 
requisite, sometimes for appointment to 
any full-time teaching position, fre 
quently as a requirement for advance- 
ment. It was a quick step from that 
stage to the present when we find that 
there is increasing demand that engi- 
neering teachers who wish to advance in 
rank and salary should have a Doctor’s 
degree, frequently the Ph.D. 

This demand that engineering teachers 
hold advanced degrees poses some im- 
portant questions for the prospective 
teacher, for engineering education, and 
for the profession, and it bears directly 
on our subject, Career Possibilities for 
the Teacher of Engineering Subjects. 

For the teacher there is the element 
of time and cost. To earn a master’s de- 
gree requires approximately a calendar 
year and $1000 to $1500 eash outlay. 
The Ph.D. calls for three academic years 
of the candidate’s time and several thou- 
sand dollars of his money. <A popular 
way to work toward the advanced degree 
is to “learn as one earns” whereby the 
‘andidate teaches full-time or part-time 
while he carries on his graduate studies. 
Under such a program a full-time instrue- 
tor might earn a master’s degree in three 
years, and a doctor’s degree in nine 
years. These periods could be shortened 
(at the expense of practical experience) 
if he attended summer school. 
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A quick consideration of the case of a 
typical young engineering graduate who 
is interested in a teaching career reveals 
that he should begin graduate work im 
inediately after his baccalaureate degree. 
If he chooses to spend some time in gain 
ing a few years of practical experience 
before he begins teaching he will face 
two strong factors that will deter him: 
one will be his salary and family respon 
sibilities; the other will be the attitude 
of presidents and deans. He will find 
that his salary in industry has reached 
a level substantially above that which he 
will be offered in college teaching, and 
his tamily responsibilities preclude his 
accepting a cut. Presidents and deans 
with the best of intentions and desires 
to employ promising young engineers 
with experience will be unwilling to pay 
the salary that is needed, and they will 
seek men with advanced degrees. 

This trend toward increasing emphasis 
on research and graduate study with ad- 
vanced degrees as a_ prerequisite for 
engineering teaching, and decreasing at- 
tention to what we commonly eall prae- 
tical experience—the practicing of the 
profession—has important implications 
for engineering education and the engi 
neering profession. As the courses of 
our engineering curriculums become more 
theoretical and “scientific,” it follows 
that the professional engineers who learn 
from that course work will lean toward 
the “theoretical” rather than the “praeti- 
eal,” resembling more and more the 
European engineers. 

This swing away from the “practical” 
might go too far. Our engineering teach 
ers must maintain more than a speaking 
contact with engineers on the job. They 
can have the advantages of advanced 
education without foregoing the benefits 
that come trom “practical” experience. 
I suggest that this may be accomplished 
if the preparation of our engineering 
teachers includes: (a) summer work in 
industry, (b) consulting experience where 
possible, (c) sabbatical leaves for work 
in industry, (d) engineering: registra- 
tion, (e) active participation in techni- 
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eal societies, (f) some training in the 
techniques and business of teaching. 
The carrying out of the “work in indus- 
try” portion of this program will require 
the understanding and willing coopera- 
tion of many companies who employ 
engineers. This is not a new idea. It 
should be carried out on a larger seale 
than it is at present. 


Educational Methodology 


It is well known that college teachers 
have been uninterested, generally, in 
studying courses in educational method- 
ology as a device for improving their 
own teaching. On the other hand, there 
are Educationists who would require col- 
lege teachers to study several courses in 
Education, and qualify for a teaching 
position by certification. Teaching is an 
art and a profession. Surely there are 
principles and techniques of good teach- 
ing that can be taught, and need not 
be left for each teacher to discover for 
himself by trial and error. I think that 
every engineering teacher should have 
some effective instruction and direction 
in the principles and methods of good 
teaching. This may be done by taking 
course work, by observing good methods 
of experienced teachers, and by personal 
study. Perhaps it is true that good teach- 
ers are born, but it does not follow that 
good ones cannot be made. 

Will this young man find a teaching 
position? We are entering a period of 
low college enrollments, a result of the 
low birth rate of the 1930's. However, 
the high birth rates of the early 1940's 
will bring a crop of high school gradu- 
ates in the 1960’s which will be con- 
siderably larger than the 1951 erop. 
From this increased number of high 
school graduates there should come more 
college students than we have in 1951, 
unless the American youths of that dee- 
ade set values on a college education 
which are different from that given it in 
the past. We Americans have gone to 


college because it offered vocational or 
professional training with a good salary: 


because campus life is unique; it has some 
of the competitive aspects of life on the 
outside, yet it is idealized and controlled 
and protected so that the student does 
not pay heavily for his mistakes: and, 
because there is opportunity to satisfy 
intellectural curiosity. Perhaps some ot 
the economic changes of this quarter 
century, which finds incomes of skilled 
workmen higher than that of college- 
educated men, may have some effeet on 
college enrollment. However, the long- 
term trend toward college attendance by 
an inereasing number of high school 
graduates is likely to go on, with con- 
tinuing emphasis on science and_ tech- 
nology. This, in turn, will call for more 
college teachers. 

There will be enough opportunities so 
that, in general, well qualified engineer- 
ing graduates will experience little diffi- 
culty in finding a teaching position. 
There is real danger, however, that too 
few of the able young men who are 
needed will see the desirability of making 
a career of engineering teaching. Many 
engineering colleges have had difficulty 
in recruiting the type of man they would 
like to place in teaching positions. 


Rewards of Teaching 


It is pertinent at this point to consider 
the rewards of teaching and the qualities 
of a good teacher; to explain what seems 
to be a paradox, namely, that teaching 
is one of the medium salaried arts and 
professions, yet it calls for men with 
high abilities and strong personal traits. 
Some wag has said that “those who can, 
do; those who eannot, teach.” That is 
a slanderous statement which expresses 
the opinion of many poorly informed 
people. The truth is that the teacher, 
at all levels of instruction, carries a 
heavy responsibility. He is expected to 
be expert in many subjects particularly 
in his major field of specialty; he must 
be a good citizen, a good example for 
other citizens; he should have no vices; 
it is presumed that he will be able to 
teach all types of students effectively; 
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many students and parents look to him 
for all kinds of counsel and advice in 
technical, professional and personal mat- 
ters. 

Yet the teacher does receive a lower 
salary than his equally able classmates 
who make their careers in industry. 
Each year most of the ablest men of the 
graduating class take engineering jobs. 
Perhaps they have had enough of college 
life and wish to go out to make their 
way as they had planned. Possibly, there 
are instances where students gained the 
impression from their teachers that teach- 
ing would not be a desirable career. 
Maybe the difference in salary is a meas 
ure of the risks involved, the thought 
being that the man in industry faces a 
greater probability of losing his job or 
of taking a cut in salary than does his 
classmate on an_ engineering college 
faculty. 

What are the great rewards of teach- 
ing? We will name three important 
ones. There are others. The teacher 
has leisure; he is using his mind on 
valuable subjects; and, he has the satis- 
faction that comes from making some- 
thing. 

Leisure according to the dictionary 
means “freedom afforded by exemption 
from occupation or business; time free 
from employment.” Some one in a 
facetious or misanthropie mood after a 
particularly frustrating day of wrong 
answers or poor reports might question 
the soundness of our assumption that 
the teacher has leisure. This person for- 
gets, perhaps does not know, that any- 
one in any field of work has his moments 
of discouragement and feeling of over- 
work. The fact is that the typical teacher 
of engineering subjects, who knows how 
to plan his work, has many hours when 
he can do interesting and exciting things 
(as long as he remains a teacher and does 
not move over into the area of adminis- 
tration). He ean write books and techni- 
eal articles; he can carry on research 
projects; he can accept assignments to 
help on committees of technical and pro- 
fessional societies; he can do consulting 
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work on challenging problems in his field; 
he can accept election, on publie and 
semi-public beards; he can spend profit- 
able moments counseling students and 
pleasant hours reminiscing with alumni; 
he can take interesting, useful, and rest 
ful vacations. Other people do these 
things too, but the teacher has a flexible 
time schedule which does not call for 
an eight to twelve and one to five o’clock 
daily appearance on the job. During 
these periods when he has no daily chores 
he ean use his time as he chooses; and 
that is leisure. 

The teacher is using his mind on valu 
able subjects. Whether a given subject 
is valuable may bring difference of 
opinion and debate. Yet the matters that 
are the daily tasks of the teacher have 
become established as important by com- 
mon consent. He studies and teaches 
the works of the great mathematicians, 
physicists and chemists and applies their 
principles to the solution of current 
problems. He learns the fascinating 
story of the development of engineer- 
ing from simple observed happenings to 
the present-day body ot knowledge. 
These studies help to introduce him to the 
newer discoveries that have come after 
Kinstein and most recently nuclear fis- 
sion. And there are the great works in 
the humanities and the social sciences as 
well as the new ones that appear daily. 
All of this he does as a part of his daily 
job. Is there any doubt that he uses his 
mind on valuable subjects? 

The third reward was the satisfaction 
that comes from making something. 
Again we can point out that many peo- 
ple make something from which they 
gain satisfaction. The teacher’s reward 
is akin to that of parents as they watch 
young people develop under their guid- 
ance. Every teacher has experienced the 
joy of seeing a young person grow under 
guidance from a rough, untrained but 
eager youngster into a smooth, careful 
thinking and effective man or woman. 
And several years after graduation when 
they return as successful engineers to tell 
about their work, often times bringing 
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their families, the teacher has his su- 
preme reward. 


Qualities of Good Teachers 


This is a good place to mention the 
qualities of a good teacher beeause there 
are only limited career possibilities in 
teaching for the young man who does not 
have them. The teacher must know his 
subject. If he is to do better than “just 
keep ahead of his students” he must un- 
derstand the rudiments of his subject 
thoroughly. To do this he should know 
the subject in its higher or advanced 
levels. That’s one of the good reasons 
why a young teacher should pursue 
graduate work and research. Young peo- 
ple have an infinite capacity for asking 
questions and the teacher who is_ not 
prepared to answer questions in the 
ranges above the current work level will 
not do a complete job. 

The teacher should like teaching, al- 
though there might be some minor de- 
tails that he dislikes. He must have the 
will and patience to prepare himself 
thoroughly in some subject matter fields 
that are close to his. He should enjoy 
the daily business of lecturing; leading 
discussions; asking thought-provoking 
questions, written and oral; preparing 
problems and examinations, and correct- 
ing them after they are written. 

It follows that he must like students 
and enjoy their company, both the good 
ones and the bad ones, and he must keep 
the relationship impersonal. He should 
believe in the basie goodness and worth 
of the individual. He eannot force his 
students to learn. Teaching and learn- 
ing call for mutual confidence and re- 
spect. There aren’t many instances 
where there has been learning in an 
atmosphere of mutual dislike. 

There are several desirable personal 
traits: the teacher should have a sense 
of humor; he should have a good mem- 
ory; will power and self control; a 
kindly and friendly manner. 

Before closing this list of teacher 
traits I wish to mention something that 
has worried me a good deal recently. It 


ENGINEERING TEACHERS 


seems to me that young teachers are 
reluctant to do a bit more than they are 
paid for. Is this just a figmant of my 
imagination? If true it must be another 
sign of a point of view which seems to 
say that we can have something for noth- 


‘ing. But teachers, above all, should be 


exponents of a sterner philosophy. This 
ideal of the true professional man is 
well described by the late William E. 
Wickenden in his paper, “The Second 
Mile,” * in which he takes as his text 
from The Sermon on the Mount, “Who- 
soever shall compel thee to go one mile 
go with him twain.” 


The Dollar Problem 


There are some factors that are not 
entirely favorable to the proposition of 
a greatly expanding teaching staff. Edu- 
cational costs have been rising along with 
other costs. Publicly supported insti- 
tutions of higher education find them- 
selves competing for the tax dollar with 
a number of lustily growing newcomers. 
For example, the Iowa legislature appro- 
priated for 1951-52 very nearly as much 
money for Social Welfore (Aid to the 
Blind, Aid to Dependent Children, Child 
Welfare, Emergency Relief, Old Age As- 
sistance—by far the largest of this 
group) as it did for higher education. 
Moreover, these social welfare require- 
ments will inerease each year. Tax- 
payers are becoming tax conscious but 
they are not well or adequately informed 
about the uses of their tax dollar. Higher 
education could lose in the race for its 
needed share of that dollar. 

The income situation for privately sup- 
ported colleges and universities is more 
precarious than that of the state -schools. 
Fixed incomes from endowments are fall- 
ing behind needs as the purchasing power 
of the dollar falls. Furthermore, income 
taxes are taking for the government 
large sums that used to be available for 
gifts and endowments. So these schools, 
like the state schools, are hard pressed 


* A Professional Guide for Junior Engi- 
neers, ECPD, p. 44. 
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to find enough money to pay high-enough 
salaries to as many teachers as they need. 

Another factor that may affect the 
share of the budget that will be avail- 
able for teaching is the rapidly inereas- 
ing amounts of money that are spent on 
research. This should have no depress- 
ing effect on the total employment of 
engineering graduates because those who 
do not teach could do research. <A con 
flict for funds between teaching and re 
search may arise in about ten years when 
the high school graduates of the 1960's 
enter college. 

A third factor in the apportionment 
of the educational budget is the increase 
in administrative costs. Some of this 
comes from increased services to the stu- 
dents, such as counseling, personnel and 
employment departments, testing bu- 
reaus, and others Some of it is spent 
for assistant deans and other adminis- 
trative assistants and for stenographic 
help for these assistants. Looking at 
this matter from the standpoint of em- 
ployment opportunities for engineering 
graduates in the educational field one 
might say that it is on the “plus” side. 
But it does reduce the portion of the 
budget that is available for teaching. 

Generally, unit costs in education have 
been rising steadily. Teaching loads 
(student contact hours or similar units) 
are smaller than they were a few years 
ago. Class sizes inereased during the 
recent heavy enrollment period but they 
are returning to normal now. Some 
schools are operating on a five-day week 
(no Saturday classes). There is less 
committee work and other extra-curricu- 
lar assignments for the teachers (assistant 
deans do some of this). All of this is 
favorable from the selfish point of view 
of the individual teacher. But it may be 
unfavorable in the overall effeet if costs 
become so high that money cannot be 
found to carry on at that level of opera- 
tions. 
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Recent developments, hastened by ten 
sions of the war years, have brought into 
sharp focus a matter that has had little 
attention from teachers of engineering. 
I refer to academic freedom and tenure. 
In some states public employees, includ 
ing teachers, have been required to sign 
oaths, commonly designated Loyalty 
Oaths. In the main, teachers of engi 
neering have shied away from any con 
nection with the American Association of 
University Professors who have carried 
the burden of the fight to maintain aeca- 
demic freedom and tenure for the teacher. 
This is truly a matter of fundamental im 
portance because they are the principles 
that guard our freedom as citizens. In 
stitutions of higher education are con- 
ducted for the common good and the 
common good depends upon the free 
search for truth and its free exposition. 
Teachers of engineering and of science 
have assumed that they deal in facts, and 
facts are not controversial. Yet we have 
seen governments and states set up an 
official and, therefore, a so-called true 
and correct set of facts. 

In summary, we have pointed out that 
teaching offers significant rewards to 
those who have the qualities of a good 
teacher; that there is increasing demand 
that teachers hold advanced degrees 
which implies stronger emphasis on sei- 
ence and theory; that this calls for 
stronger efforts of the teacher to aequire 
knowledge of engineering practice; that 
there seems to be a need for a defined 
program for recruiting and _ training 
teachers of engineering; that there will 
usually be places for competent engineer 
ing teachers; that college enrollments 
will increase in the 1960’s which will re- 
quire more teachers than we have now; 
that increased educational costs and com- 
peting requests for the taxpayer’s dol- 
lar leave smaller amounts for educational 
purposes. 
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The Non-Engineer Looks at 
Engineering Students* 


By A. M. BUCHAN 


Professor of English, Washington University 





The topic of this talk is not one of my 
own choosing. It was assigned by your 
committee. Dean Stout may have chosen 
it, knowing that one of my chief interests 
for a number of years has been a desire 
to make literature palatable and useful to 
young engineers. It has not been a very 
grateful task, because the notion still 
persists that it cannot be done. Unfor- 
tunately, too, the heads of English de- 
partments, vain of scholarship only, 
often assign to the engineers the duller 
members of their staff, and, if the teacher 
is dull, not even literature can be made 
exciting. 

The distinction, however, in the title, 
between the engineer and the non-engi- 
neer is one that leaves me unhappy and 
unpersuaded. There is an old Scottish 
proverb that says, “We are a’ Jock 
Thomson’s bairns,” and it is to the ehild- 
ren of Jock Thomson, human children 
very much alike in moods and aspira- 
tions, that we direct our education, in- 
eluding that part of it which has to do 
with spiritual and personal security. 
Engineer and non-engineer find in litera- 
ture, and perhaps in literature only, the 
kind of training in idea and mood that 
gives meaning to the techniques as well 
as to the arts. 

In fact, as I recall my friends who are 
engineers, they are not markedly different 
from myself and my literary acquaint- 
ances. They are quite at home convers- 

* Presented before the Missouri Section 
of the ASEE, University of Missouri, 
April 7, 1951. 








ing with edueators or physicians or law- 
yers or business-men about affairs in 
Iran or Korea. They work, during some 
part of their leisure, on the same ecom- 
munity problems, being concerned about 
the kind of school or church or swim- 
ming-pool their children frequent. They 
are interested, within and beyond their 
specialties, in similar topies, debating 
the relative merits of a Buick or an 
Oldsmobile, an apartment or a house in 
the country, a vacation in Colorado or in 
Maine. In their personal lives they pur- 
sue the same goals, a desire for respect 
and independence, and a hope that cour- 
age will endure if security fails. 

Even in the world of social appear- 
anees, the effort to segregate the engi- 
neer from the non-engineer implies a dis- 
tinction that is almost half a century 
behind the times. Long ago the engi- 
neer graduated from the overalls and 
rough high boots of the surveyor’s helper. 
He wears the white collar of his profes- 
sion, and, in practical affairs, he teams up 
with the economist, the architect, the 
social worker, the advertising man, even 
the clergyman. To some extent, he as- 
sumes his share of the responsibility of 
ach one of these, and, while the details 
of his contribution to society differ from 
theirs, they and he require something of 
the same training and the same kind of 
manhood. 

And, just as the gap has been bridged 
between the old rough engineer and the 
more polished member of the older pro- 
fessions, so the distinction. between engi- 
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neering students and other students in 
the college or the law school or the school 
of business seems to be disappearing. 
When some of us started teaching twenty- 
five years ago, we had a general impres- 
sion that the boy who elected engineering 
was a rather different breed of animal 
from the usual college boy. On the sur- 
face he did not display the same super- 
ficial gloss. His clothes were often un- 
tidy, and his manners were deliberately 
rougher and a little uncouth. He scorned 
some of the light-hearted gaiety of the 
campus, because he was pledged to more 
serious and masculine pursuits. But that 
engineering student of some time ago— 
and he was a likable lad, in spite of being 
consciously a diamond in the rough—is 
not very common any more. In general, 
the student of engineering is no longer, 
if ever he was, essentially different from 
any other liberal or professional student. 
There comes into schools of engineering 
a representative selection, I believe, of 
the student population of the country. 


Intellectual Categories 


When in the fashion of the pedagogue, 
I divide my students into categories, I 
place them in three simple groups. 
There are, first, the brilliant ones whose 
abilities we admire and envy. They come, 
for the most part, from good homes and 
good high schools. Having been accus- 
tomed at home to hear literate talk and 
to read wisely, they adjust to courses in 
speech and composition and literature as 
naturally as to math and chemistry. They 
are blessed with the greatest gift of the 
college student, a fine abstract intelli- 
gence, and they find little trouble in any 
branch of study. With their kind of in- 
tellectual equipment, they discover that 
the applied courses of their junior and 
senior years in engineering school are 
almost elementary once the theoretical 
foundations have been laid in math and 
physics and chemistry. In medicine or 
law, in English or thermodynamics, this 
type of student excels. 

Theoretically, it is almost impossible 
to overwork the brilliant student. His 
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capacity to assimilate and to use informa- 
tion is tremendous, and his instructors, 
suspecting this, load more and more tech- 
nical courses on him during his later 
years in school. My own personal judg- 
ment, as a teacher of literature, questions 
the justice and wisdom of such a policy. 
For this kind of young man stands to 
profit far more than the average person, 
at this stage of training, from the leisure 
that his active intelligence has earned for 
him. As a junior and senior he should 
have the option within the curriculum of 
reading widely in history and economies, 
even of acquiring another language if he 
prefers, so that the required professional 
courses will merge, as his professional 
work will, later in life, into a wide per- 
sonal and social context. He should have 
a chance to read and to discuss whatever 
finer issues appeal to him, and he should 
have on hand as his guides teachers who 
remember that a profession is only as 
great as the personalities of the people 
who man it. 

The second group of students, the mass 
of low B’s and C’s, has considerably more 
of a handicap. Many come from homes 
where magazines substitute for books 
and in which conversation is casual and 
slovenly. The broad fields of history and 
literature and the basic sciences have been 
covered at breakneck speed in high school 
so that very little of their significance 
stays in the memory. It is often an al- 
most completely fallow mind that these 
average boys bring to college, clumps of 
weedy interest appearing in a wide ex- 
panse of boredom. Their classes in math 
and physics, though they begin on an in- 
credibly elementary level, keep them very 
busy, and classwork in the humanities 
seems an unnecessary intrusion on pre- 
cious study hours. 

It is only being realistic to concede that 
these slower students have an argument 
against too much classwork in the hu- 
manities. Immersed in ecaleulus which 


they must learn, they resent Somerset 
Maugham’s Of Human Bondage which is 
only a single option among a thousand. 
Perhaps part of an answer is the one we 
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have tried in Washington University of 
substituting infrequent conferences for 
regular class sessions, and an optional 
for a required reading-list. A program 
of this sort, added to the obligatory 
training in speech and composition, is a 
frank recognition of an aim—that it is 
better to have a student continue to like 
reading than to cram a mass of distasteful 
books down his throat. 

At the bottom of the college heap is a 
third group, a number of stupid and 
sometimes friendly lads for whom not a 
great deal can ever be done. They lack 
the range of intelligence that makes pos- 
sible an outlook broader than the imme- 
diate task. The profession of medicine 
has for some time been rejecting such lads 
by a variety of screening processes, and 
they are beginning to find themselves ex 
cluded from schools of law. In the col 
lege and the school of engineering we 
still put up with a few of them, hoping 
for a miracle. But our hope usually 
stops short of a diploma, and we waste 
time and prejudice the standards of the 
profession by setting the hope too high. 

This division of students has no par- 
ticular value except to sharpen my point 
that the engineering school, like the col- 
lege or the business school, enrolls a num- 
ber of the three kinds. We who teach 
English have had students of engineering 
who were perfectly at home in advanced 
courses in literature, whose minds were 
philosophic as well as pragmatic, who 
were broad-gauge young men as well as 
expert technicians. We have also taught, 
in the college of liberal arts, young men 
and women who would be as helpless in 
the presence of a centrifuge as they are 
in the company of a simple sentence. 


Distinctive Characteristics 


It may be possible, however, to suggest 
one or two areas in which the engineer- 
ing student does appear to have a mark 
of difference. His distinguishing qualities 
are almost certainly indications of differ- 
ent interest rather than of different 
capacity, and they are mentioned be- 
cause they seem to point in the direction 
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towards which the study of language and 
literature should move in technical edu 
cation. 

1. The engineering student is less in- 
clined to “verbalize,” i.e., to put his ideas 
into words, than the college student. 
Used to the precise terminology of mathe 
maties and the sciences, he shies away 
from words that are vague and indefinite. 
He ean define a cosine, he is not so posi- 
tive about a lyric. He knows what ought 
to be written about an experiment in 
chemistry, but he doubts whether it is 
worth while to give his impressions of a 
novel or a character in history. 

Perhaps he unconsciously believes that 
some impressions are to be felt and not 
put into words, that they are obvious and 
do not need words. He may even suspect 
that the abstract vocabulary of the social 
and humane studies muddles rather than 
clarifies the mind, and in this suspicion 
he may be justified. Somehow, though, 
he must learn that much of human rela- 
tionship is carried on, and must be ear- 
ried on, by means of words and phrases 
that are not precise like the symbols of 
science. When he goes into the world out 
of the lab, he needs some facility in the 
hit-or-miss communication of ideas, and 
his speech and writing must be disciplined 
to meet this need. He must learn, that is 
to say, to communicate, in his social and 
personal life, by words, as well as in his 
technical life, by graphs and _ statisties. 
These fashions of communication are, of 
course, the basic substance of our courses 
in English. 

2. Linked with this reluctance to ver- 
balize is a happy circumstance about the 
technical student—and about mature engi- 
neers, too—a refusal to accept some ideas 
at their face value. Among the ideas he 
is inclined to reject are some that appeal 
strongly to the teacher of literature. The 
man of letters usually prefers his mental 
eocktail flavored with a dash of mysti- 
cism, and his eye is more attuned to the 
nuance than to the trim outline. In a 
sophomore college class, the young Eng- 
lish instructor becomes excited about 
wandering lonely as a cloud and admiring 
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a host of daffodils. His engineering stu- 
dent is as apt as not to feel slightly 
nauseated under these circumstances. 

The difficulty does not lie with poetry 
itself or with an incapacity in the student 
to admire daffodils singly or in quantities 
on a field. Engineers, as I know them 
intimately, are not at all less sensitive 
than teachers of literature to the beauty 
of a flower or a sunset or a human face. 
Many of them are camera experts and 
take a natural delight in color and form 
and the beauties of old association. But 
they are slow to read into a field of daffo- 
dils or any other scene the mystical phil- 
osophy of a Wordsworth or a Thoreau. 
They look for more immediate and more 
practical values. 

This pragmatic approach to ideas is, 
in some ways, of high critical importance. 
It has the merit of rooting an idea in the 
facts of one’s own experience. A student 
of mine, for instance, a veteran, became 
interested, through his course in reading, 
in the psychology of Alfred Adler and the 
now familiar notion of the significance 
of inferiority attitudes during the early 
stages in life. He began his report by 
outlining the Adlerian theories and then 
suddenly branched off into a discussion 
of his own two children, aged five and 
two. He explained how they had been 
parked on their grandmother and were 
beginning to show the symptoms that 
Adler described of the neglected and in- 
secure child. As he spoke, his analysis 
of Adler became a scrutiny of his own 
family problem, and from a book on psy- 
chology he took guidance towards the 
important decision to set up housekeep- 
ing again for the sake of his children. 

3. The engineering student, then, is 
restive in the presence of ideas as such 
and seeks some practical application of 
them. He takes a similar attitude to- 
wards his own career. Quite early and 
usually in complete sincerity, he directs 
himself towards a practical goal. He is 
aware that an engineer makes a good 
living and has a substantial place in his 
community. So, as a young man, he con- 
centrates much of his effort on practical 
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lines of ambition, and other needs, less 
obviously useful and immediate, have to 
be justified in his eyes. 


Doubting Thomas 


So that we who are responsible for the 
humanities must be perfectly candid in 
our teaching. Though we are convineed 
of the worth of history and literature and 
economics, the student of engineering 
may not agree with us unless and until 
we are prepared to prove our case. Our 
specialties seem to him to be unessential, 
icing and not cake, decoration and not 
structure. If we are to make them ac- 
ceptable, we must spend part at least of 
our inadequate teaching time trying to 
show why some books are worth reading 
and how the record of the past helps to 
make the present understandable. In an 
engineering college we are not teaching 
students who will take what they are given 
so as to regurgitate it, grade-wise, in 
examinations. The engineering student 
is a professional doubting Thomas asking 
for proof of a miracle. 

These marks of difference in him—his 
reticence, his practicality, his drive to- 
wards a manageable goal—would not be 
worth mentioning if his education were 
merely a training for a job. His refusal 
to be sidetracked, in fact, could easily be 
a guarantee of his future success. But 
few teachers of engineers would be will- 
ing to interpret education so narrowly. 
There is another world for engineering 
students besides that of practical aims. 
Within him resides the life of his mind 
and spirit. Around him revolves the simi- 
lar life of his friends, the life of human 
contacts. 

At this point, it is necessary to part 
company with the students, and to speak 
rather of those who are now engineers 
and teachers of engineers. For only to 
the extent that engineers, men engaged 
in the teaching and practice of the tech- 
niques, prize this personal life and this 
life within the community will any meas- 
ure of its importance be reflected among 
the young men who are still being taught. 
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A hint comes to me, now and then, of 
the technical man’s attitude. A common 
friend introduces me to an _ engineer. 
After the names are given, the engineer 
asks, “And what is your line?” “TI teach 
English,” I reply. Invariably—and it 
has happened so often as to be amusing 
the engineer remarks with a smile, “Oh, 
oh! I’d better watch my grammar,” or 
“Tt’s years since I read Hamlet. 
still read it in school?” 

Such a remark may seem trivial but it 
reveals a great deal about the speaker. 
Uttered as it is, smilingly, it is half an 
apology and half a gesture of defiance. 
On the one hand, it asks humble forgive 
ness, as from a school marm, for a split 
infinitive which is not important. It sug- 
gests regret for books that have not been 
read and for ideas that no longer oceupy 
or interest the mind. At the same time, 
it implies that the literature and ideas, 
to which the teacher of the humanities 
devotes himself, are not of much signifi 
cance to active, energetic men 


Do you 


Cultural Deprivation 


The note of defiance, I believe, can be 
overlooked. Every one of us, denied the 
chance of doing more than one thing 
reasonably well, is inclined to resent the 
different competence of a neighbor. But 
the engineer’s tone of deference is an- 
other and a stranger omen. In remarks 
like the ones quoted, he is paying tribute 
to areas of education, the practice and 
enjoyment of which have been denied 
him by the narrow scope of the engineer- 
ing eurriculum. If we wished to be psv- 
chological about it, we’d say that the 
engineer suffers from a feeling of guilt 
or inadequacy. Friendship with a 
teacher of humanities—I’m dreadfully 
sorry that it should be so—makes him 
acutely aware, not of his advantages only 
because these are obvious, but of his 
shorteomings. 

What is it that my friends who are 
engineers imagine they have missed along 
the way of their training? Put simply, 
it is a wider and deeper familiarity with 
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literature, the arts, and the nebulous 
fabric known as culture. They wish 


there could have been more leisure for 
musie, painting, and the reading of non 
technical books. them 
hanker after the minor fruits of culture, 
an easy manner among people, a fluent 
tongue when the conversation turns to 
polities and social affairs. 

one gives evidence of his 


Some of even 


Almost every 

regret that 
valuable opinions and attitudes and ideas 
were denied him in the course of his train 
ing. He has been kept from a heritage 
which is rightfully his as a professional 
man. 

Let me confess that few of my engi 
neering friends are satisfied with their 
deprivation. One himself to 
musie and allays his sense of guilt, as 
the psychiatrists say, in trying to master 
the piano. One gives a great deal of his 
leisure, of which he has little, to the af 
fairs of the local which his 
children are pupils. One allows his wife 
to serve as a substitute teacher at the 
expense of her housekeeping and the 
promptness of his evening meal. Others 
take every opportunity to drop in on 
those of us who have leisure to read, so 
that they can participate in the give-and- 
take of intelligent talk. Alongside the 
technical magazines that come home from 
the office and the sheets of specifications 
that come from the job is a stack of 
“Harper’s” on the engineer’s library table 
or a modern novel that he hopes he ean 
find time to read some day. 

This desire to compensate, this hunger 
for they know not what in the way of 
personal cultivation, is the reason for my 
friendship with engineers and for my 
belief that their training should contain 


devotes 


school in 


large elements of the humanities. The 
student of engineering should be given 


as generous an opportunity as the eur 
riculum affords to know and like litera- 
ture, and to be to speak 
freely about ideas. He should not leave 
college with a grudge against it for never 
having opened to him a whole wide range 
of social and personal values. 


encouraged 


In some 





234 NON-ENGINEER LOOKS AT ENGINEERING STUDENTS 


degree he should always have a sense of 
inadequacy, since it will keep him hungry 
for what is still to be known, but he de- 
serves some guidance and stimulation in 
the great impracticalities of living. 

He may not be able to read many books 
but he can be given so as to retain it the 
capacity to enjoy a novel or a play. He 
should be encouraged to find excitement 
in a world of ideas not directly related 
to any occupation, and even in things too 
imaginary to be realized. Somewhere in 
his training, too, he ought to learn that 
one way to keep his interest in people 


and society awake is to try to express 
this interest in words and stories. 

He may learn, also, that a sensitiveness 
to literature and art is nothing to be 
ashamed of. His reticence is, in some 
respects, a virtue, saving him from the 
sheer gush of the college sophomore. 
But an emotion that is never expressed 
may dry up completely, and an idea that 
is not discussed may lose its charm. The 
personality of the student—this is an 
element in his education, and engineer 
and non-engineer alike have a stake in its 
development. 


Sections and Branches 


Report on North-Midwest Section Meeting 
of American Society for Engineering Education 


Eighteen technical papers and reports 
held the interest of some 200 members of 
the North-Midwest Section at their an- 
nual meeting at the University of Wiscon- 
sin, October 5 and 6. 

Professor Olaf A. Hougen, Chairman 
of the Department of Chemical Engineer- 
ing at Wisconsin, who recently returned 
from a year’s service as a Fulbright 
scholar in Norway, where he taught at the 
Trondheim Technical School, was the 
main speaker at the annual dinner on 
October 5. He gave an illustrated talk 
on his extensive travels in Norway. Other 
speakers at the dinner included Dean 


Morton O. Withey, toastmaster, and Dr. 
Ira L. Baldwin, vice-president of academic 
affairs at Wisconsin. 

In addition to the various divisional 
meetings on Saturday, October 6, Pro- 
fessor L. O. Stewart, Iowa State College, 
lead a general session on society affairs. 
This innovation was well received by the 
members. 

Elected to serve as officers for next year 
are: 

Chairman: 8. J. Chamberlin, 
Vice-Chairman: A. B. Drought, 
Secretary-Treasurer: Wm. C. Alsmeyer, 
Council Representative: Kurt F. Wendt. 
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TIMELY TIPS 


Some Remarks on Envelopes 


By H. W. BRINKMANN and R. A. ROSENBAUM 


Professors of Mathematics, Swarthmore College 


The following problem, which arose in 
a class in descriptive geometry, leads into 
questions which may have some pedagog- 
ical interest: If a flaring surface, like an 
old-fashioned phonograph horn or (with 
rather different dimensions) a modern- 
istic lamp-shade, is generated by revolv- 
ing the arc, AB, of a plane curve about an 
axis in the plane of the curve, what are 
the orthogonal projections of the sur- 
face? The projection on a plane, 7, for 
example, is simple if the axis of revolution 
of the surface is either parallel to 7 or 
perpendicular to 7, but how does one 
determine the so-called ‘curve of visibil- 
ity”’ of the surface for other orientations 
of the axis? 

If x is vertical, if the phonograph horn 
is placed with its axis vertical and with 
the small end below the large, and if the 
axis is then tipped back, say 6°, 0 < @ 
< 90, in a vertical plane perpendicular 
to 7, it is intuitively clear that the curve 
of visibility, C, will start somewhere on 
the ellipse which is the projection of the 
circle generated by A and may end before 
it reaches the ellipse which is the projec- 
tion of the circle generated by B. In 
fact, C is at least part of the envelope of 
the family, F, of ellipses which are the 
projections of the circular sections of the 
surface, and the phenomenon described 
in the preceding sentence is related to the 
fact that not all members of F necessarily 
have real contact with the envelope. 


Envelopes of Families of Curves 


Examples of families of curves not all 
members of which have real contact with 
the envelope of the family are considered 
in standard text-books—on differential 
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equations, among others. For instance, 
the envelope of the family of circles, 


f(z,y,a) = (x4 -—a)* +7? +a? -—k* =0, 


is the ellipse 





Here there are real circles of the family 
for la! < k, but the circles for |a| > 


a2 do not have real points of tangency 
V2 
with the ellipse. 

The following three-dimensional pic- 
turization may often be helpful to the 
student and may be especially useful in 
helping him to visualize the situation 
outlined in the above example. 

If the surface f(z,y,z) = 0 has a “pro- 
jecting cylinder,” F(z,y) =0 (i.e, a 
cylinder with an axis parallel to the z-axis 
enveloping the given surface), then the 
curve F(z,y) = 0, in the ry-plane, is the 
envelope of the family of curves f(z,y,a) 
= 0. (The curve of visibility, to go 
back to the terminology of section 1, is 
part of the envelope of a family of con- 
tour lines.) Furthermore, if there are 
real sections of the surface f(z,y,z) = 0 
for 21; < z < 22, while all real points of 
tangency of the cylinder, F(z,y) = 0, 
with f(z,y,z) = 0 are included in the 
range 2,/ < 2 < 22’, where z; < 2;’, or 
zo’ <2, or both, then there will be 
curves of f(z,y,a) = 0 which do not have 
real contact with the envelope. 

In the example with which this section 
was begun, 


S(z,y,2z)= (z-z +y¥-+2—K=0 
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is an ellipsoid so oriented that horizontal 
sections of the surface are circles. It is 
easily seen that z is limited to the interval 
[ —k,k]. The projecting cylinder has an 
elliptical cross-section; points of tan- 
gency with the ellipsoid are restricted to 


I | : 
the range ——=k<z<-——k. For —k&z 


V2 \2 
| l 
< ———k, and for —k<z<k, the circular 
V2 V2 
sections of the ellipsoid all lie within the 
projecting cylinder. 


Example 


We return now to the problem of 
section 1. Suppose, as an example, that 
the phonograph horn is generated by re- 
volving about the vertical y-axis the are 
of the curve ky = 27/3 from y =a to 
y = b. If the surface is tipped straight 
back 6°,0 <@ < 90, the circular sections 
of the surface will project onto the frontal 
plane 7 as ellipses. The circular sections 
at a distance p above the origin will have 
a radius of (kp)*/?; hence, the equation of 
the family of ellipses will be 


x? (y—p cos6)? 
k3ps kp sin’ 





f(z,y,p)= —1=0. (1) 


Differentiating with respect to p, in 
order to obtain the envelope, gives 


f3(x,y,p)=2(y—p cos0) cosé 
+3k' sin?@-p?=0. (2) 


Iquations (1) and (2) are parametric 
equations of the envelope, with p as the 
parameter; when they are solved for 
x? and y we have 


: 9g 
r=k3p3— she tan’: p4, 


y= cosO- p ——k? siné tan: p*. 


mf 
v0 
2 


ON ENVELOPES 


dx 


It is found that, for p = = 0. 


’ dp 
i : | 
_ ~ (0; and, for p = =- ctn’@, both 
dp 3k? 


dx dy ih 
-and —-are zero. The shape of the 

dp dp 

envelope is approximately that of the ac- 

companying figure, where 0 corresponds 


M' M 


O 


Fia. 1. 
0, M,M’ correspond to 


| . 
P= Pm = 37, etn’é, and N corresponds 


to p = Pn ony. if a < pe 


4 
Oi3 
< pn <b, then we have the curve of 
visibility fora < p < pm, there are points 
of tangency, hidden unless the surface is 
transparent, for Pm <p & pa, and no 
real tangency of the ellipses with the 
envelope for pra <p <b. The critical 
value, Pr, has a simple interpretation in 
terms of the original generating curve, 
ky = 27/8, For this curve, 
dy z 2 2 


ti =—= ———— a = 
ing dx 3k2! 3 3k3 4)" 2 3k3 of 2 


or p = ctn’*d@. A comparison of this 


4 
9k: 
with the expression for p, shows that 
real contact of ellipses with the envelope 
occurs only for those members of the 
family generated by points on the 
original curve where the inclination is 
not less than @, the angle of tipping. 























TIMELY TIPS 


Comparison of Thermal Efficiencies of Rankine 
and Regenerative Steam Power Cycles 


By SEYMOUR COMASSAR 


Lieutenant, USNR, Department of Marine Engineering, United States Naval Academy 


Abstract: A simple proof to show that an 
ideal regenerative steam power cycle must 
have a greater thermal efficiency than an 
ideal Rankine steam power cycle operating 
between the same pressure and temperature 
limits is described. 


Prior to the study of the regenerative 
cycle, it is usually brought out that in 
comparing a reheat steam cycle with a 
simple Rankine cycle operating between 
the same pressure and temperature limits, 
the reheat cycle produces a greater work 
output but also requires a larger heat 
supply. Under these conditions, the 
thermal efficiency of the reheat cycle 


may be greater than, equal to, or less 
than the thermal efficiency of the Ran- 
kine cycle, depending upon the reheat 
pressure and temperature selected. 

In comparing an ideal regenerative 
cycle with a Rankine cycle operating be- 
tween the same pressure and tempera- 
ture limits and with the same weight rate 
of flow to the condensers, the regenera- 
tive cycle also produces a greater work 
output and requires a larger heat supply. 
The fact that the thermal efficiency of 
the regenerative cycle must always be 
greater than the Rankine cycle under 
these conditions is not always obvious 


upper cycle pressure. 





P> Psia 


SATURATED VAPOR LINE: 


- for / th. 
\ 2  ~ tor eur) lb 
‘ae -For (1% az + az) /b 











lower cycle pressure 
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to the student, especially on the basis of 
the prior comparison of the reheat and 
Rankine cycles. A proof of this fact 
follows. 

Compare the regenerative and Rankine 
cycles on the basis of the same pressure 
and temperature limits and equal flow 
rates to (and through) the condensers. 
Therefore the specific values of the 
properties of the steam in both cycles 
will be the same at the turbine inlet and 
exhaust and at the condenser inlet and 
discharge. The weight rate of flow to the 
regenerative cycle turbine will be greater 
and therefore its work output will be 
larger than the Rankine cycle turbine. 
The heat rejected to the condenser cir- 
culating water in both cycles will be 
equal. If all pump work in both eyeles is 
neglected for simplicity (pump work is 
not equal in the two cycles but the differ- 
ence is negligible) the work output of 
the turbines is equal to the net work of 
the cycles and these work quantities 
can be shown as areas on p-V coordinates 
as in Fig. 1. 

In this figure, line 1-2 represents the 
isentropic expansion in the turbine of the 
Rankine cycle and the area 1-2-w-z is the 
work output of this turbine (f?Vdp). 
Utilizing a regenerative cycle with two 
extractions for feedwater heating, the 
lines 1’-a, b-c, and d-2 represent the ex- 





THERMAL EFFICIENCES OF STEAM POWER CYCLES 


pansion of steam in the turbine of this 
cycle with different weight rates of flow 
due to the extractions. The work out- 
put of this cycle is the sum of the areas 
]’-a-y-z, b-c-x-y, and d-2-w-z, or 1’-a-b-c- 
d-2-w-z. 

Let W equal area 1-2-w-z and AW equal 
area 1’-a-b-c-d-1. Therefore the work 
output of the Rankine cycle is W and the 
work output of the regenerative cycle is 
W + AW. 

Thermal efficiency of a cycle is defined 
as Wk/Q,. Since Q, = Wk+Q,, the 
thermal efficiency can be expressed as 


Wk/(Wk + Q,); where 


Wk = net work output of cycle, 
Q, = heat supplied to cycle, 
Q, = heat rejected from cycle. 


ll 


On the basis of the areas on the p-V 
diagram above, the thermal efficiency 
of the Rankine cycle is W/(W + Q,) and 
the thermal efficiency of the regenerative 
cycle is (W + AW)/[(W + AW) + Q,]. 
Since Q, is equal in both cycles, the latter 
thermal efficiency value is necessarily 
greater than the former because _ it 
differs only in the quantity AW, which is 
added to both numerator and denomi- 
nator of the fraction thereby increasing 
its magnitude. 
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Report of Treasurer, 1950-1951 


Ernest C. Davies 
Certified Public Accountant 
Evanston, Illinois 


November 8, 1951 
Mr. C. L. Skelley 


Technical Book Department 
The Macmillan Company 
60 Fifth Avenue 

New York 11, New York 


Dear Mr. Skelley: 


In accordance with your instructions we have examined the accounts and records of the 
American Society for Engineering Education for the year ending June 30, 1951 and submit 
herewith the following statements prepared therefrom: 


Exhibit I—Comparative Balance Sheets 

Exhibit II—Comparative Statements of Changes in Funds 

Exhibit I1I—Comparative Statements of Income and Expense 

Exhibit 1V—Comparative Statements of Receipts and Disbursements 
Notes to Financial Statements 


In connection with the statements as of June 30, 1951, we examined and tested the ac- 
counting records, traced the receipts as recorded to deposit, checked the disbursements, 
counted the securities on hand, and secured direct confirmation for all funds or securities in the 
hands of outside parties. Our examination was made in accordance with generally accepted 
auditing standards and included all procedures which we considered necessary in the cirecum- 
stances. 

In accordance with a resolution by the Board of Directors, Furniture and Fixtures account 
was written down to a nominal value of $1.00 and all subsequent purchases are to be expensed. 

Additional expense accounts have been added to the Statement of Income and Expense 
for 1951 in order to further classify the expense for the year. It is to be noted that, although 
some of these accounts represent expenses and incurred in prior years, others are merely a 
reclassification of expenses existing in 1950. Therefore, although the latter expenses were 
provided for in the budget, no comparison of actual and budget expenses can be made. 

In our opinion these statements fairly present the position of the Society at June 30, 1951 
and the results of its operation for the period then ended. 


‘ Yours truly, 
ERNEST C. Davies 
Certified Public Accountant 


AMERICAN SOCIETY FOR ENGINEERING EDUCATION 
COMPARATIVE BALANCE SHEETS 


June 30, 1950 June 30. 1951 


Assets 
Current Fund: 
Cash in State Bank and Trust Company. . ... $26,280.79 $21,391.53 
Petty Cash Fund........... 300.00 300.00 
U. S. Government Bonds—NSeries G.. ; a : 30,700.00 30,700.00 





$57,280.79 $52,391.53 
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Life Membership Fund: 


Ee OO Ty Lee OR? MR REN SORT OP LORE Tae pee eT 
U. S. Government Bonds—Series G..................-00005 


B. J. Lamme Fund: 


IN AMANDA oo alice 35K, ahs a winched OF ain mit. e wld, bie Kenta SEATS 
Princmpal Cash in Hands of Trustee......... 0.665266 seeceen 
OCIIPTIRON GIT PR OCUMRIONS fina stodes db aed sake tesa ee swe 


Accounts Receivable: 


IRE iy Soe Phe Cs na ele is chess 
Less—Reserve for Bad Debts.......... 


Rey cas voc Beas 

RNR 2%. aac: Seek swe ors 

Westinghouse Educational Foundation.............. es 
Income Cash in Hands of B. J. Lamme Fund Trustee........ 


PENI Soi ccd Svcres na cn pitas 2 oom Raa ere SE RRA 
Furniture and Fixtures (See notes to financial statements). . . 


SN EERO CEE EE TT ee eee 


Liabilities and Capital 
Current Liabilities: 


Accounts Payable—Publications.............. 
Other ACOPmuals .:..6:5:65 66 600 60 ce ee he ee ee 


Prepaid Membership Dues)... 2 6.036.60.09 60006 cc eee 


Funds: 
Life Membership Fund... . Se ee Aceh 
B. J. Lamme Fund......... Pe 3 
Gonetal 2eaention Board «5... Soc ie avs hee cows velo ed oes 
Teaching Aids Fund...... PE ee Re tT heer 


General Fund: 


Reserve for ECRC......... Peers eh ere ke 
Reserve for Special Propects.. ..6. os es es. eels oes 
UO DEAMUOG UNIS is oie ss oie sissy viele sy she ores sisi eats 


Total Liabilities and Net Worth................... 


$ 1,155.87 


$ 276.93 
9.00 
5,132.73 

$ 5,418.66 


$ 2,503.85 


315.00 

$ 2,188.85 
1,400.00 
631.20 
209.73 
121.44 

$ 4,551.22 
$ 1.00 
748.78 


. $69,156.32 


$ 2,110.54 
371.87 
$ 2,482.41 


_ $ 1,195.20 


$ 1,155.87 
5,418.66 
9,950.00 


$16,524.53 


$ 1,315.03 
7,543.07 
40,096.08 


$48,954.18 


$69,156.32 


$ 183.11 
1,000.00 


$ 1,183.11 


$ 230.46 
9.00 
5,132.73 

$ 5,372.19 


$ 1,560.90 
$ 1,560.90 
1,275.00 
83.91 
121.46 

$ 3,041.27 
$ 1.00 
1.00 


$61,990.10 


$ 16.65 
1,453.54 


$ 1,470.19 
$ 1,706.78 


Fe 


1,183.11 
5,372.19 
4,362.50 
$10,917.80 


$ aati 
6,056.62 
41,838.71 

$47,895.33 





$61,990.10 











B: 
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COMPARATIVE STATEMENT OF CHANGES 


Life Membership Fund 


Balance at Beginning of Period.... 
Add: Contribution to Fund. 
Interest on Fund... 


Balance at End of Period...... 


B. J. Lamme Fund 


Balance at Beginning of Period... 
Add: Contribution to Fund. 


Less: Award... 


Balance at End of Period......... 


General Education Board 


Balance at Beginning of Period. . 
Add: Refund Received from SE Sec tion 


Less: Charges during the Period... . 
Refund Made to General Edue: ation Board. 


Balance at End of Period... 


Fund 


Teaching Aids 
Balance at Beginning of Period... 

Add: Income of Fund. 

Less: Expenses of Fund. . 
POIAROC AE CU OF WENN ci css aware niece ede dene wanes 
Balance at Beginning of Period.... 

Add: Excess Income over Expense. . 

Excess Expense over Income 
Statement). .... 
Transfer from ECRC 
Transfer from Special Projects Reserve 


Notes to Financial 


(see 


teserve. 


Less: Restriction of Surplus for ECRC Reserve. . . . 
Restriction of Surplus for Special Projects Reserve 
Write off of Furniture and Fixtures. 


Balance at End of Period. . 


IN FUNDS 
2 Mo 
“Er 


June 30, y 150 


$ 1,129.70 


25.00 

aké 

$ 1,155.87 
$ 5,477.62 


118.04 


$ 5,595.66 


177.00 


$ 5,418.66 


$14,950.00 


$14,950.00 
5,000.00 


$ 9,950.00 


$41,411.11 
7,543.07 
($311.07) 
1,315.03 
1,486.45 


$48,954.18 


$ 8.858.10 


$40,096.08 
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$ 1,183.11 


$ 5,418.66 
126.04 


ef 


14.70 
72.51 


5 
" 


oS 


9,950.00 
3,279.02 


$13,229.02 


13,229.02 


$ 4,570.00 
207.50 


$ 4,362.50 


$40,096.08 


2,490.41 


$42,586.49 


$41,838.71 
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COMPARATIVE STATEMENT OF INCOME AND EXPENSE 


Income: 
Current Dues—Individual.... . a, 
Institutional.............. 
Sale of Publications. ............6.6ac0. 


ROT 55 hots a se ass ee nae 
Interest on Government Bonds................. 
i, CES ec eee ee ee 
Income—B. J. Lamme Fund.................. 
PIER oho seo crip tere 8a wis 


Ce Ay ee Eee ere 


Expense: 
Cost of Publications.............. ; 
POROry OF MODKCIORY.... 6. ons ices sevacans 
Salary of Office Secretaries............ 
Clerical Salaries. ..... Pushes 
Retirement Emeritus........... sarcasm eee 
Travel-Secretary’s Office................... 
Postage, Telephone and Telegraph......... 
Supplies, Expense, Sundry Prtg...... 
Dues—Am. Council on Education...... 
ContbaGon THOPID: 6c ec ee ds 
Officers Traveling Expense.............. 
Annual Meeting Expense............... 
Expenses ECAC....... Eat a don uated wena : 
Expenses ECRC..... ek eee Ree nee 
Committees and Conferences... . , 
PYOMCEHU'S TAVENKE . «ois ek eee ss ee 
Bonding, Auditor’s and Other Society Fees... . 
Office Expense. . 
ee ee ere Cree 
Special Projects Expense 
Purchase of Typewriter: Wns ote 
INGE) GRMOS ROINING 5:56 oe ice cc eens. ae 
Committee on Improve me nt i in Teac a Lots 
Contribution EJC. eau 
Additional ¢ ‘ontribution ECPD.. seataucs ats 


Total Expense... .. 
Excess of Income over Expense......... 
Excess of Expense over Income............ Sarees 


Transfer from reserves to cover ECRC loss........... 
ene notes to satemante) 


12 Months 
Ended 
June 30, 1950 


$38,468.18 
7,010.00 
3,341.30 
10,045.16 


$60, 613. 84 


$23,632.60 
5,500.00 
2,070.00 
3,352.10 
1,360.00 
989.94 
1,595.50 
2,052.68 
100.00 
500.00 
1,510.91 
2,737.84 
733.44 
4,334.18 
609.95 


1,991.63 


$53, 070. a 


$ 7,688.07 


12 Months 
Ended 
June 30, 1951 


$39,113.20 
6,661.00 
2,257.24 
9,401.38 
792.50 
1,228.06 
02 

863.62 


$60,317.02 


$24,139.43 
5,500.00 
4,970.00 
548.44 
1,360.00 
1,007.73 
1, 416.98 
2,895.55 
100.00 
500.00 
1,694.64 
2,016.53 
1,630.66 
8,379.54 
1,153.57 
460.87 
486.28 


$60, 628. 09 


$ 311.07 
$ 2,801.48 


$ 2,490.41 








Budget 
1951-52 


$39,000 Be 
6,700 

1900 Re 
9,100 
780 


$57,480 


$25,000 
5,500 
5,640 
700 
1,360 
950 
1,600 

2,700 D 
100 
500 
2,000 
2,700 
2,200 
4,350 
1,300 
500 
325 





Re 


Ba 








REPORT OF TREASURER 


COMPARATIVE STATEMENT OF 


Balance at Beginning of Period. . 


Receipts: 

Individual 
Institutional 

Back Dues... .. 

Dues in Advance 

Sale of Publications. . 

Advertising... . 

Interest on Bonds. . 

he : . 
Westinghouse Educational Foundation 
Lamme Fund Income 

Refund from SE Section to Close Fund 
Teaching Aids Income... . 
Miscellaneous. . . 


Current Dues 


Total Receipts. . 


Disbursements: 
Cost of Publications. . 
Administrative Salaries. ... 
Retirement Emeritus....... 
Travel—Secretary’s Office. . . ; 
Postage, Telephone and Telegraph. .. 
Supplies and Sundry Printing. 
Dues—American Council on Education 
Contribution ECPD...... 
Officers Traveling Expense. 
Annual Meeting Expense. . 
Expenses ECAC.... 
Expenses ECRC.... 
Committees and Conferences 
Westinghouse Award. . 
Expense—Carnegie Survey...... 
Award—General Education Board... 
Purchase of Government Bonds. . 
President’s Expense... . . 
peaching Aids. ............ 
Office Expense. . . 
Miscellaneous. . 
Special Projects 
Purchase of Typewriters... .. 
NY Times Reprint......... 





Contribution EJC...... 
Additional Contribution ECPD. . 
Refund to General Education Board....... 


Total Disbursements... . 


Balance at End of Period... 


Wilkins pices 


Committee on Improvement of Teaching... . 


RECEIPTS AND 


12 Months 
Ended 
June 30, 1950 


: $39,201.86 


9396.3 1 
667.50 
1,031.75 


39.22 


$59,440.80 


$23,122.06 
10,922.10 
1,360.00 
989.94 
1,656,67 
2,052.68 
100.00 
500.00 
1,510.91 
2,422.36 
733.44 
4,334.18 
598.25 
322.44 
1,745.2 
5,000.00 
10,000.00 


Bonding, Auditor’s and Other Society Fees. . 


1,991.63 


$72,361.87 
$26,280.79 
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DISBURSEMENTS 


12 Months 
Ended 
June 30, 1951 


$26,280.79 


$36,600.00 
6,586.00 
1,518.00 
1,706.78 

2. 888.44 
10,029.33 
792.50 
1,228.06 
250.00 


3,279.02 
$570.00 
863.62 


$70,311.75 


$26,233.32 
11,018.44 
1,360.00 
1,007.73 
1,325.32 
2,809.05 
100.00 
500.00 
1,644.04 
1,491.35 
1,618.13 
8,038.37 
1,132.79 
124.18 


442.62 
207.50 
486.28 
80.27 
75.31 


356.45 
615.71 
397.42 
107.71 
500.00 
13,229.02 
$75,201.01 


$21,391.53 
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AMERICAN SOCIETY FOR ENGINEERING EDUCATION 
NOTES TO FINANCIAL STATEMENTS 


By resolution of the Board of Directors furniture and fixtures were written down to a 
nominal value, and in conformity with this policy new typewriters purchased were charged 
against the current year’s operations. 

It was further resolved by the Board of Directors that a transfer should be made from 
the appropriated surplus to provide for the excess of ECRC expenses over the sum of ECRC 
income and the expenditures allowed by the Society budget. The computation of the transfer 
was made as follows: 


ECRC Income......... Sl ane eet ..2... $1,228.06 
Budgeted Expenditures. ................ ete 4,350.00 
$5,578.06 
I BIO oo ilice 5 o's or9 6:6 baie se ape a se 
CP OO SNES Seo re EERE PTE I $2,801.48 
To be provided for: 
By transfer from ECRC Reserve....... .. $1,315.03 


By transfer from Special Project Reserve....... 1,486.45 
b } 


$2,801.48 

ECRC expenses exceeded anticipations as a result of heavy publication costs. ECRC 
would not have operated at a loss if the inventory of the unsold publications had been carried 
on the balance sheet. (This inventory was approximately $3000 at cost on balance sheet 
date.) However, in conformity with Society policy of carrying only the most liquid assets 
on the balance sheet, the inventory of unsold publications was excluded, and the above policy 
was adopted. 

Respectfully submitted, 
CHARLES L. SKELLEY, 
Treasurer 


Mid-Winter Meetings 


The Cooperative Division of the ASEE mittee of the Division will be held on Fri- 
held its third Annual Mid-Winter meet- day, February 1, 1952, at 9:30 A.M. The 
ing at Northwestern University, Novem- first draft of the papers to be presented 
ber 8, 9, and 10. The program was at the June meeting will be discussed. 
planned to be a part of the Technological The Mid-Winter meeting of the Engi- 
Institute’s program in the Centennial 
celebration of Northwestern University 
this year. 

A conference of the Division of Rela- 
tions With Industry will be held at the 
Massachusetts Institute of Technology on 


neering Drawing Division will be held at 
three New York universities—The Cooper 
Union, U. S. Military Academy at West 
Point, and Columbia University on Janu- 
ary 23, 24 and 25, 1952. The complete 


Februarv 2, 1952. The theme of the con- Program was published in the November 
ference will be “The Student as an Indi- issue of the JouRNAL or ENGINEERING 
vidual.” A meeting of the Advisory Com- Epucation. 
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i aie nel DEVOTED TO THE INTERESTS Officers 

. H. SPRINGER, airman 5, wee a ER . GERARDI 

R. T. Noxrixup OF ENGINEERING DRAWING i G. os 
ie U /. E. Street 

C. J. Vierck B. L. WELLMAN, Editor C. E. Rowe 

F ° —— Worcester Polytechnic Institute - 5 -pomecenel 

R. S. PAFFENBARGER AE 


What Happened at East Lansing ? 


For six very busy days 177 engineers 
and teachers talked and listened, debated 
and relaxed, in the lecture room of Olds 
Hall and in the luxurious lounges of Shaw 
Hall. The subject was engineering draw- 
ing, the time was June, and the place was 
the beautiful campus of Michigan State 
College. With such a matchless combina- 
tion it is not surprising that the third 
Summer School for Teachers of Engi- 
neering Drawing was a complete success. 

Our gracious host provided comfortable 
rooms and excellent meals in their new and 
very modern Shaw Residence Hall, while 
the weather man very reasonably insisted 
upon only one rainy day. The sessions 
in Olds Hall were intensive and stimulat- 
ing, and were conducted with engineering 
precision. Sunday conveniently inter- 
rupted the sessions to allow members to 
drive to Detroit, Greenfield Village and 
Edison Institute, or to just relax and talk 
more shop. 

The theme of the Summer School was: 
Improving Our Status as Engineering 
Drawing Teachers. A complete list of the 
papers to be presented was published in 
the May, 1951, issue of the Journal of 
Engineering Drawing. Space does not 
permit a discussion of each of the 23 
papers presented at the meeting, nor of 
the many questions and comments that 
buffeted the panels of “experts” ( a term 
they all modestly rejected) at the end of 
each session. Needless to say, the panel 


aS 


members acquitted themselves admirably, 
and their comments and summations con- 
tributed much of value to the 
It was the concensus of many members 
that these panel discussions ought to be 
continued at future meetings. 

It was the observation of your editor 
that the questions most frequently asked 
and discussed were: 1) is there an increas- 
ing pressure to further reduce the time al- 
lotted to drawing? 2) are integrated 
drawing courses pedagogically sound and 
more efficient of time? 3) how ean 
convinee the administrations that deserip- 
tive geometry is a vital part of an engi- 
neer’s education? 4) what kind of visual 
aids ean best be adapted to the teaching 
of drawing? 5) what can we do to promote 
more work in advanced graphics? 6) is 
the master bow professional type set the 
best for student use? 7) what to do with 
students who have had drawing in high 
school? 

Although the above topies were very 
popular and much debated, the solutions 
proposed were many and varied. Much 
more remains to be said, and your editor 
will weleome and publish on this page any 
further diseussion. Take any side of the 
issue, but write it down and send it in. 
One man’s opinion often proves to be the 
right one. 

At the Annual Business Meeting the re 
sults of the election were announced and 
the newly elected officers for the coming 


Sesslons. 


we 
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vear are: 


Chairman: C. H. Springer 
Secretary: R. T. Northrup 

Member Ex. Com.: J. 8. Rising 
Ed. T-Square Page: B. L. Wellman 
Adv. Manager: C. J. Vierck 


The amendment to the Articles of Pro- 
cedure to create the new office of Vice- 
chairman was unanimously adopted by the 
membership. This amendment was an- 
nounced in the May issue of the Journal 
of Engineering Drawing. Following the 
adoption, Dean Jasper Gerardi was nom- 
inated and elected to the new office. 

Chairman-elect Springer then an- 
nounced that “in view of the great econ- 


Summer 


The Executive Board of the ASEE has 
authorized sponsorship of summer schools 
proposed by the Electrical Engineering 
Division and the English Division. Both 
summer schools will be held at Dartmouth 
preceding the Annual Meeting. A sum- 
mer school on Sanitary Engineering has 
been proposed by the Civil Engineering 
Division. 


cern felt by members of the Drawing 
Division about the continued and progres- 
sive squeeze being placed on all drawing 
departments for time, that the Policy 
Committee of the division has been in- 
structed to formulate a policy that could 
be implemented by the entire division to 
combat this tendeney.” 

Chairman Paffenbarger reported that 
the Mid-Winter Meeting will be held in 
New York on January 23, 24 and 25, 1952. 
The program for this meeting will be an- 
nounced on this page in an early issue. 
It was also announced that the Mid- 
Winter Meeting for 1953 will be held at 
the University of Nebraska at Lincoln, 
Nebraska. 


Schools 


The General Electric Company has pro- 
posed a summer school program on meth- 
ods of instruction which would familiar- 
ize educators with some of the novel 
methods of instruction used in the GE 
Company’s post-graduate program. The 
Executive Board authorized ASEKE en- 


dorsement of this summer school program. 
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New Members 


Bach, GEORGE L., Dean, Graduate School of 


Industrial Administration, Carnegie In 
stitute of Technology, Pittsburgh, Pa. 


W. N. Jones, R. B. Teare. 
BARTHOLOMEW, Epwarp L., JR., 
Professor of Mechanical Engineering, Uni 
versity of Connecticut, Storrs, Conn. C. 
H. Coogan, Jr., F. L. Castleman, Jr. 
BowMaAN, Lek, Head, Architectural and 
Photographie Depts., Franklin Technical 
Institute, Boston, Mass. 
R. G. Adams. 
CARPENTER, Howarp J., Assistant Professor 
of Mechanical Engineering, University of 
Vermont, Burlington, Vt. A. F. Tuthill, 
J. A. Bullard. 
CASEMAN, AustTIN B., Instructor in Civil 
Engineering, State College of Washington, 


Associate 


B. KB. Thorogood, 


Pullman, Wash. E. G. Erieson, L. B. 
Almy. 
Crim, Eumer B., Director, Co-operative 


Edueation, Stetson University, LeLand, 
Fla. 8S. C. Hollister, A. B. Bronwell. 

Decker, J. J., Office Manager, Advertising 
and Sales Prom., American Radiator and 
Standard Sanitary Corp., Pittsburgh, Pa. 
G. D. Lobingier, G. L. Scott. 

DucHaAceK, Howarp, Assistant Professor of 
Mechanical Engineering, 
Vermont, Burlington, Vt. 
J. A. Bullard. 

FLicK, CARL, JR., Research Fellow, Micro 
wave Research Institute, Polytechnic In 
stitute of Brooklyn, Brooklyn, N. Y. C. 
C. Whipple, J. W. Hostetter. 

GOEHRING, HENRY G., Placement Director, 
College of Engineering, University of Wis 
econsin, Madison, Wis. R. A. Ragatz, M. 
O. Withey. 

GREENE, JAMES H., Assistant Professor of 
Industrial Engineering, Purdue Univer- 
sity, Lafayette, Indiana. R. W. Lindley, 
O. D. Lascoe. 

HAMMOND, ALEXANDER F., Instructor in 
Drawing and Designing, Clemson College, 
Clemson, 8S. C. J. E. Shigley, S. R. 
Rhodes. 


University of 


A. F. Tuthill, 


HEINLEIN, DAvip M., Head, Science Dept., 
Rutgers Preparatory School, New Bruns- 
wick, N. J. E. C. Easton, M. T. Ayers. 

HvupDELSON, GEORGE D., Assistant Professor 
of Mechanical Ohio State 
University, Columbus, Ohio. S. R. Beitler, 
A. I. Brown. 

JENKS, JOHN F., Assistant Professor, Tech- 
nical Extension Division, Purdue Univer- 
sity, Indianapolis, Ind. E. C. Susat, A. 
W. Collins. 

JONES, THOMAS F., JR., Assistant Professor 
of Electrical Engineering, Massachusetts 
Institute of Technology, Cambridge, Mass. 
C. E. Tucker, K. L. Wildes. 

KAUZLARICH, JAMES, Assistant, Graphics 
Dept., Columbia University, New York, 
N. Y. A. P. Boehmer, A. B. Cambel. 

LESLIE, PHILIP, Assistant in Chemistry Li- 
brary, University of Illinois, Urbana, II. 
W. C. Huntington, S. H. Pierce. 

LUKER, JAMES A., 
Chemical University of 
Denver, Denver, Colo. D. C. 
T. O. Reyhner. 

MAECHLER, Huco C., Assistant Professor of 
Drawing, University of Wisconsin Exten- 
sion, Milwaukee, Wis. J. G. Van Vleet, 
W. M. Christman, Jr. 

MARSHALL, GILBERT A., 
chanical Engineering, 
mont, Burlington, Vt. 
Me Kee. 

MARTIN A., 
George Washington University, Washing 
ton, D. Cc. C. H. Walther, J. S. Antel. 

MATCHETT, GERALD J., Professor 


Engineering, 


Assistant Professor of 
Engineering, 


Davis, Jr., 


Instructor in Me- 
University of Ver 
A. F. Tuthill, E. R. 
MASON, 


Dean of Engineering, 


Associate 
of Business and Eeonomies, Illinois Insti 
tute of Technology, Chicago, Il. P. Davis, 
E. R. Whitehead. 

McAmis, J. C., Jr., Assistant Professor of 
Mechanical Engineering, University of 
Tennessee, Knoxville, Tenn. R. C. Robert 
son, J. D. Maloney. 
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McCormick, JAMES P., Assistant Professor 
of Electrical Engineering, Clarkson Col- 
lege of Technology, Potsdam, N. Y. R. A. 
Record, A. R. Powers. 

McDowELL, ELMER H., Instructor in Indus- 
trial Drafting, Kansas Technical Institute, 
Topeka, Kans. G. R. Cotton, H. L. Livas. 

Mirsky, Aron L., Assistant Professor of 
Civil Engineering, University of Connect- 
icut, Storrs, Conn. K. C. Tippy, G. Tim- 
oshenko. 

MONTGOMERY, SIGMUND J., Associate in In- 
dustrial Engineering, Columbia University, 
New York, N. Y. S. C. Hollister, A. B. 
Bronwell. 

NICHOLS, KENNETH V., Instructor in Elec- 
trical Engineering, University of Wiscon- 
sin, Madison, Wis. H. R. Peterson, T. J. 
Higgins. 

NIELSEN, Haroup, Assistant Professor of 
Mechanical Engineering, University of 
Dayton, Dayton, Ohio. A. J. Westbrock, 
A. R. Weber. 

OXFORD, CHARLES W., Assistant Professor 
of Chemical Engineering, University of 
Arkansas, Fayetteville, Ark. W. B. Stiles, 
N. H. Barnette. 

REED, GeorGE W., Assistant Professor of 
Electrical Engineering, Clarkson College 
of Technology, Potsdam, N. Y. A. R. 
Powers, A. B. Bronwell. 

RITCHIE, MARGUERITE, Engineering Librar- 
ian, University of Maryland, College Park, 
Md. R. B. Allen, J. E. Younger. 

Scorrron, Victor E., Associate Professor 
of Civil Engineering, University of Con- 
necticut, Storrs, Conn. F. L. Castleman, 
Jr., K. C. Tippy. 

SipLeE, Ropert G., Chairman of Mechanical 
Engineering, University of Vermont, Bur- 


lington, Vt. 
lard. 

SKILES, JAMES J., Instructor in Electrical 
Engineering, University of Wisconsin, 
Madison, Wis. T. J. Higgins, H. A. Peter- 
son. 

SMiTuH, CLyDE P., Instructor of Manufactur- 
ing Processes, General Engineering Dept., 
Purdue University, Lafayette, Ind. O. D. 
Lascoe, H. A. Bolz. 

SmitH, Gustavus E., Assistant Professor 
of Electrical Engineering, University of 
Kentucky, Lexington, Ky. D. V. Terrell, 
A. B. Bronwell. 

STREET, DoNALD T., Associate Professor of 
Engineering, University of Rochester, 
Rochester, N. Y. R. F. Eisenberg, C. L. 
Rickard. 

TATE, VERNON D., Director of Libraries, 
Massachusetts Institute of Technology, 
Cambridge, Mass. S. C. Hollister, A. B. 
Bronwell. 

WEINBERG, Puiip, Instructor in Electrical 
Engineering, University of New Mexico, 
Albuquerque, N. M. W. G. Hoover, M. E. 
Van Valkenburg. 

WELLINGTON, CHARLES B., Extension Lec- 
turer in Mechanical Engineering, Univer 
sity of New Hampshire, Durham, N. H. 
E. H. Stolworthy, E. T. Donovan. 

WENDT, Rosert H., Vice-President and Gen- 
eral Manager, Globe Corporation, Air 
eraft Division, Lockport, Ill. K. L. Bur 
roughs, A. Stott. 

Yares, Epwin L., Director of College and 
University Relations, General Motors Cor 
poration, Detroit, Mich. J. C. McElhany, 
K. A. Meade. 


C. M. Thomson, J. A. Bul- 


214 new members this year 
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Report of Committee on Adequacy and 
Standards of Engineering Education 


By S. C. HOLLISTER, Chairman, C. S. 


Introduc tion 


The aim of this report is to present at 
least in spirit the impressions of your 
committee concerning the adequacy of 
present-day engineering edueation and 
observations relating to what it estimates 
to be the standards employed by the en- 
gineering schools. Any attempt to ap- 
praise the present position of engineering 
education is destined to cause a certain 
amount of misunderstandings, due largely 
to the attitude of the reader at the time, 
and the impression the words convey in 
the climate provided by that attitude. 
Specific statements are often too limiting 
when taken literally, and generalizations 
are often too vague. An endeavor has been 
made, however, to present for consider- 
ation the committee’s views on the present 
situation with the hope that, though brief 
and at times over-simplified and specific, 
the main observations will be accepted in 
their intended perspective. 


Growth of Engineering Curricula 


Engineering education in America was 
not developed after a preconceived plan. 
It evolved in parallel with the needs of a 
growing country, a country engaged in 
the development of a vast industrializa- 
tion. From the first it filled a practical 
need, and its design emanated largely 
from an evaluation of the professional re- 
quirements. 

There were only a half dozen schools of 
substantial merit by 1866. While the con- 
cept of engineering was the application of 
science to useful purposes, the educational 
program was heavily charged with the art 
of engineering practice. The better cur- 
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ricula had their roots in scientifie studies. 
At that time, and for a generation to fol- 
low, a majority of practicing engineers 
were not engineering college graduates; 
they were men who through experience, 
observation and study, developed them 
selves to the point where they could cope 
with the technical problems of their time. 
Books began to appear and, with the de 
velopment of laboratories for the teaching 
of principles (which, by the way, had 
been by 1870 in operation for 15 years 
in the Chemistry Department at the Uni 
versity of Michigan), gave strength to the 
program of the colleges in systematization 
of technical knowledge. 

With the passage of the Morrill Act in 
1862 the means and urge to found in each 
state a program in the mechanie arts tor 
the aid of manufacturers were at hand. 
From 1870 to 1896 there was rapid ex- 
pansion of the number of schools to 110 
and the gradual formulation of the eur- 
riculum. By 1910 the forms of curricula 
in the older branches of the profession 
were pretty well standardized as to pat- 
tern. No elevating influences appeared 
to be at work on other than the newer 
curricula, such as and metal- 
lurgical enginering, until the first World 
War. 

Jetween the two World Wars the en- 
gineering schools developed programs in 
Although these and the newer 
pre-war programs were patterned after 


chemieal 


electronics. 


the “standard” form of curriculum, they 


nevertheless introduced new elements of 


strength in the inerease of basie and ap- 
plied science; and it was soon noticeable 
that they possessed more vitality and 
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Report of Committee on Adequacy and 
Standards of Engineering Education 


By 8S. C. HOLLISTER, Chairman, C. 8. 


Introduc tion 


The aim of this report is to present at 
least in spirit the impressions of your 
committee concerning the adequacy of 
present-day engineering education and 
observations relating to what it estimates 
to be the standards employed by the en- 
gineering schools. Any attempt to ap- 
praise the present position of engineering 
education is destined to cause a certain 
amount of misunderstandings, due largely 
to the attitude of the reader at the time, 
and the impression the words convey in 
the climate provided by that attitude. 
Specific statements are often too limiting 
when taken literally, and generalizations 
are often too vague. An endeavor has been 
made, however, to present for consider- 
ation the committee’s views on the present 
situation with the hope that, though brief 
and at times over-simplified and specific, 
the main observations will be accepted in 
their intended perspective. 


Growth of Engineering Curricula 


Engineering education in America was 
not developed after a preconceived plan. 
It evolved in parallel with the needs of a 
growing country, a country engaged in 
the development of a vast industrializa- 
tion. From the first it filled a practical 
need, and its design emanated largely 
from an evaluation of the professional re- 
quirements. 

There were only a half dozen schools of 
substantial merit by 1866. While the con- 
cept of engineering was the application of 
science to useful purposes, the educational 
program was heavily charged with the art 
of engineering practice. The better cur- 
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rieula had their roots in scientifie studies. 
At that time, and for a generation to fol- 
low, a majority of practicing engineers 
were not engineering college graduates; 
they were men who through experien e, 
observation and study, developed them 
selves to the point where they could cope 
with the technical problems of their time. 
Books began to appear and, with the de- 
velopment of laboratories for the teaching 
of principles (which, by the way, had 
been by 1870 in operation for 15 years 
in the Chemistry Department at the Uni- 
versity of Michigan), gave strength to the 
program of the colleges in systematization 
of technical knowledge. 

With the passage ot the Morrill Act in 
1862 the means and urge to found in each 
state a program in the mechanic arts tor 
the aid of manufacturers hand. 
From 1870 to 1896 there was rapid ex- 
pansion of the number of schools to 110 
and the gradual formulation of the eur- 
riculum. By 1910 the forms of curricula 
in the older branches of the profession 
were pretty well standardized as to pat- 
tern. No elevating influences appeared 
to be at work on other than the newer 
curricula, such as metal- 
lurgical enginering, until the first World 
War. 

Between the two World Wars the en 
gineering schools developed programs in 
Although these and the newer 
pre-war programs were patterned atter 


were at 


chemical and 


electronics. 


the “standard” form of curriculum, they 
nevertheless introduced elements of 


strength in the increase of basie and ap- 


new 


plied science; and it was soon noticeable 


that they possessed more vitality and 
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potential than the older programs. Yet 
most schools did little or nothing about 
these older curricula. Instead, most col- 
leges of engineering were preoccupied 
with the development of various offerings 
to cover students interested in the fringe 
areas: those who would be contiguous to, 
but not really a part of, engineering it- 
self. While these programs served a use- 
ful need, their inclusion in one guise or 
other as engineering programs was a clear 
departure from the earlier concepts of 
professional training. 

During the entire period from the 
earliest days to the second World War, 
there was not an established position for 
the technical school offering a program 
that would be post-high school, but with 
more emphasis on high-grade craftsman- 
ship training than on professional educa- 
tion. Many of the earliest schools of this 
type gradually expanded to four-year 
programs. A few, having a clear view of 
the need and great importance of such 
training, have held to their convictions 
and have developed strong programs with 
notable results. 


Critical Evaluation of Factors in En- 
gineering College Development 


As one examines the history of the 
growth of engineering colleges and their 
development, certain features thereof are 
especially evident. The very rapid ex- 
pansion in both number and size of 
schools left little choice than to imitate 
the more successful. Not so obvious was 
an underlying situation that many of the 
new schools had only a dim concept of 
their objective in service to the profession. 
There was at work in the same setting the 
notion of spreading higher education for 
all, a factor that is restrictive of high 
standards. As schools grow, the pres- 
sure for staff expansion led to recruiting 
by the simple process of keeping on recent 
graduates, and then allowing them to do 
their graduate work, if any, while teach- 
ing. In this way, there was a subtle in- 
fluence of continuity of curriculum with 
little urge for re-evaluation or vitality of 
concept of objectives. A standard pat- 
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tern was achieved, not so much by delib- 
erative process as by a sort of combina- 
tion of gravitation and inertia. 

Coupled with these influences was the 
circumstance of ever-pressing financial 
problems in young and growing schools, 
and the consequent limit on salary scales. 
Not a few administrators found them- 
selves unable to pay salaries that would 
command talent already developed, and in 
some cases they could do little more than 
employ something less than the top of the 


currently graduating class—“temporar- 
ily.” The deadening effect of obsoles- 


cence upon laboratory equipment, some of 
it hard-won after years of waiting and 
planning, had its part in gradual “stand- 
ardization” through the lack of means to 
preserve a dynamie program. 

Over the years, the number of prac- 
ticing engineers without engineering col- 
lege education was gradually diminishing. 
This was due in part to the availability of 
engineering schools, and to an inereasing 
extent to the complicated nature of the 
engineering function. Between the World 
Wars, with the introduction in 
schools of programs with greatly re- 
duced scientifie and technical content, yet 
calling the output “engineers,” there arose 
increasing confusion as to what consti- 
tuted engineering and what characterized 
engineers. Accountants, for example, and 
graduates of business courses, and others, 
who had enterprise to pose as consultants 
on managerial matters, called themselves 
management or industrial engineers. 
Graduates of such courses could perform 
but elementary engineering functions. 
There can be no question that these courses 
of reduced technical content were an aid 
to certain persons; the serious doubt was 
whether they should have been considered 
engineering courses. 

From the earliest days the program of 
engineering education was limited to four 
years, in parallel with the usual under- 
graduate college program. A very few 
schools added one or two years, with an 
additional degree. During the period of 
development and growth, the medical, 
legal and architectural professions have 
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extended their length of program to meet 
their particular objectives. It is signifi- 
cant that these developments had no effeet 
upon the engineering professional pro- 
gram and that in consequence, with con- 
spicuously few exceptions, the engineering 
curricula have remained four years in 
length, beginning immediately after high 
school. 

Meantime, the fields of sciences, without 
exception, have been obliged to extend 
their programs through the addition ot 
graduate work. Today no scientist is con- 
sidered adequately trained without the 
doctor’s degree. Whether graduate work 
is an appropriate program for the pro- 
fessional engineer is one of the questions 
dealt with by your committee. 

Probably the most significant single 
characteristic of the engineering educa- 
tional field is that it has no generally ac- 
cepted professional objective as a goal for 
the educational program. There is gen- 
eral agreement respecting the form of the 
curriculum. It is difficult to deteet dif- 
ferences in programs between schools 
simply by comparison of curricula. The 
major differences lie in the depth of in- 
struction and in the objective of each in- 
stitution in respect of the professional 
outlook to be achieved. There exists 
today a spectrum of objectives ranging 
from highly professional programs sup- 
ported by strong science backgrounds to 
vocational programs in which only a 
moderate amount of science is included. 

It is possible to divide the subjects in- 
cluded in any engineering curriculum into 
five groups, as follows: 

1. Basie science (mathematics, physics, 
chemistry, biology). 

2. Applied science (mechanics, ther- 
modynamies, fluid mechanics, geology, 
circuit theory, properties of engineering 
materials, ete.). 

3. Applied engineering (for example, 
internal combustion engines, structures, 
machine design, industrial electronics, 
foundry technology, plant design, ete.). 

4. Adminstrative and managerial (cost 
control, industrial organization, labor re- 
lations, ete.). 
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5. General (liberal courses, to provide 
a general educational background). Cur- 
ricula may vary in the emphasis placed 
upon group, and in the extent of domi- 
nance of one group over the others. 

Historically, applied engineering courses 
dominated the curriculum in the early 
years. Gradually the pattern of basie 
science eourses Was evolved and generally 
included. Shop courses were reduced to 
a minimum... From 1885 until the first 
World War, mathematies was stabilized 
in the older curricula, terminating with 
the caleulus. Since then only a few 
schools have carried the subject further in 
civil, chemical, mining, and mechanieal 
engineering, while many schools have re- 
quired additional mathematics in electrical 
engineering. Except in chemical en- 
gineering, and in some cases of mining en 
gineering, the amount of chemistry re 
quired has been limited to general in 
organie chemistry. 

The time requirement in physies has 
remained nearly constant in most curricula 
since about 1885. Generally, the classical 
approach to physics instruction has been 
followed. The depth has varied with the 
amount of mathematics available at each 
stage. The ealeulus, while standard in all 
eurricula, is not employed to the same 
degree in physics. In eivil and mechani 
eal engineering the amount of physies is 
limited to one year in most schools; and 
in many the same limit is found in elee- 
trical and chemical engineering. Gen 
erally, however, the approach from the 
point of view of atomie and molecular 
structure is needed but wanting. 

The time devoted to mechanies is similar 
in nearly all schools. The variation in 
effectiveness of the course is not due to 
allotted time so much as to the depth of 
instruction. For many vears it was the 
custom to minimize the use of the caleulus 
in this subject. The development of 
stronger texts over the last two deeades 
has greatly improved the effectiveness of 
the instruction; however, there is. still 
much variation in depth of the require- 
ments placed on the student. There may 
be said to be a definite upswing 1h the 
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quality of instruction in mechanies, al- 
though this it not believed to be general. 
In mechanical engineering, for example, 
vibrations and their consequences are 
treated in only a few schools. In fact, 
in civil engineering dynamics is regarded 
as being unnecessary, yet fatigue is be- 
coming more important in structural de- 
sign. 

Hydraulics used to be taught from the 
empirical standpoint. Between the two 
wars there was pressure, emanating from 
the aeronautics field, for instruction in 
fluid mechanics. Some schools dealt sin- 
cerely with this proposed change; but 
many others simply changed the course 
name from hydraulics to fluid mechanics. 

While in chemical engineering thermo- 
dynamics has been taught with regard to 
interaction between the thermal and chem- 
ical circumstances involved, there has been 
little attention given to such matters in 
mechanical engineering. Today, a chemi- 
eal engineer is not infrequently better 
trained for fundamenal work in _ heat 
power than the mechanical engineer, in 
whose field heat power lies. 

During the past several decades the in- 
struction relating to engineering materials 
has developed into a program reciting a 
general discussion of their manufacture, 
and their mechanical properties as re- 
vealed by standard acceptance tests. The 
metallurgical aspects are lightly touched 
upon if at all. Instances can be found of 
the absence of a course in materials in 
electrical engineering, while in other cases 
in the same field students get the notion 
that such instruction together with the 
mechanics of materials is largely un- 
necessary for an electrical engineer, es- 
pecially in communications. 


Factors of Major Significance in 
Curriculum Design 


Many perplexing problems stem from 
the fact that the engineering college, in 
preparing students for professional work 
that will reach maximum culmination 
twenty or more years hence, must evalu- 
ate hazily discernible future events. It 
certainly appears desirable that a major 


stress be placed upon those elements of 
the curriculum that will give the most 
continuous and lasting support to the 
graduate’s professional life. Apart from 
the teaching of the professional attitude 
toward engineering and the instilling of 
the engineering and scientific method of 
attack upon problems, there are certain 
specifie features of the curriculum that 
can be accepted as most essential. 

The first of these has to do with courses 
least likely to obsolesce. While it is 
necessary to give a certain amount of in- 
struction relating to the present state of 
the art, it is certain that the present state 
will change, and hence that time given to 
such courses is not time devoted to a 
subject of sustaining value. Sifting back 
through the curriculum, it seems clear 
that instruction in the basie sciences, if 
taught in a manner such that knowledge 
of them makes available working tools, 
contributes the most sustaining part of 
the eurriculum. Among these basie sci- 
ences, the greatest potential for future de- 
velopment in science and technology is 
to be found in mathematies. An engineer 
with a good knowledge of mathematies is 
in a position to read with understanding 
and profit in physics and chemistry. 
Likewise, as his interest and need may ex- 
pand, he may read further in the applied 
sciences, such as mechanics, elastie sta- 
bility, advanced thermodynamies or fluid 
mechanics. Similarly, new applications of 
sciences to engineering situations may be 
understood and assimilated. Thus, mathe- 
matics not only becomes the support of 
the group of courses that will obsolesce 
least; it becomes the means of further 
technical growth as befits the graduate’s 
interest and need. Building into the pro- 
gram in this and other means for further 
technical self-development of the indi- 
vidual after graduation is the second most 
important feature of a well-designed eur- 
riculum. 

The third feature that impresses your 
committee as of ranking importance has 
to do with the way in which the applied 
courses are related to those in basie and 
applied science. Two distinet approaches 
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are discernible in present practices: one 
utilizes the engineering situations pro- 
vided in the applied courses to illustrate 
the manner of employing the sciences in 
engineering work, while the other makes 
the applied courses the goal of the currie- 
ulum with the minimum of application of 
the sciences. The former builds into the 
student a power of analysis and resolution 
in engineering situations that permits a 
wide range of application. The latter 
tends toward the achievement of a series 
of skills intended to equip the student for 
specific jobs immediately upon, and soon 
after, graduation. The first is profes 
sional preparation, the second vocational 
training. What is involved is not alone 
the way in which individual courses are 
presented; it especially relates to the pre- 
vailing concept of the function of the 
whole curriculum. 

Following the concept that the differ- 
entiating characteristic of the engineering 
function is the ability to utilize the sei- 
ences for the creative process of design 
and development of useful apparatus, 
structures or other works, the program 
should aim at the development and ex- 
pansion of the imaginative process of 
creative thought. Engineering 
tional processes are most commonly of 
the problem type, requiring but a single 
answer, with no latitude for judgement, 
and no imaginativeness beyond the vis- 
ualization of the circumstance of the 


educa- 


problem. Programs in architecture far 
surpass those in engineering in_ this 
respect. We tend toward producing a 


literal-mindedness that is not compatible 
with creative imagination. 

The foregoing discussion has been in 
broad terms. It is believed that quanti- 
tative specifications for engineering cur- 
ricula are not adequate as guides to cur- 
riculum planning because they tend to- 
ward regimentation, toward fixation, and 
toward eventual stagnation of awareness 
of the professional needs. The content 
in each of the five categories enumerated 
above must be determined in terms of the 
need of the graduate two or three decades 
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ahead, not in specific detail but in sound 
skeletal 
details to be filled in through further study 
and acquisition of experience in the field. 
The skeletal program must be strong and 


preparation, with most of the 


of sufficient stature to support and sus 
tain the growing professional career. 
Engineering is both a and an 
art. 
The tendency has been to emphasize the 
art unduly. 
can be presented in the manner in which 


seclence 


A balance between both is desirable. 
The “engineering approac hy” 


science is brought to bear on an engineer 
ing situation. Much of the art can better 
be aequired in the field. 
coming quite generally to recognize this 


Industry is 


needs 


arrangement as desirable for its 


Suggested Program 


The quality of engineering curricula 
varies over a wide range, from highly de 
veloped professional programs to those 
having a predominantly vocational 
tent. The 


especially to the middle and lower portion 


corn 
foregoing discussion relates 


of the range. Accrediting procedures re 
late almost entirely to the minimum stand 
tend to breed 
that just 

While aceredit 


ing must be maintained as a part of the 


ards, and complacency 


among those schools barely 


satisty such a standard. 


licensing procedure, it cannot be ex pe eted 
that accrediting of itself will achieve the 
that 
requirements—unless 


improvement of schools satisfy the 


minimum two or 
more classes of schools were established 


and accrediting set up for each class. 


Your 


scheme 


es that 


committee belie, 
would neither be weleome nor 
Rather it that the 


engineering edueational field has a 


desirable. believes 
vreat 
, 


opportunity to study itself, with the ob 


ject of finding ways at all levels to im 
prove its service to the profession. 

One way to make such a study is to set 
up an agency that would study and report 
its findings, as was done by the Society for 
the Promotion of Engineering Education 
the late W. E. 


in the Twenties, under 
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Wickenden.'| Such a procedure has the 
effect of isolating the study, and removing 
it from the schools themselves. The con- 
clusions of Wickenden, written in 1929, 
are to be found in Appendix I of this 
report; and your committee is struck 
with the potency of the statement to to- 
day’s situation, and the extent of the 
failure of the schools to implement much 
of the recommendations. Other state- 
ments, appearing since the Wickenden 
Report and bearing upon the same sub- 
ject, are given in the remaining ap- 
pendices.2, From these it seems clear to 
your committee that what is now needed 
is active study and self-appraisal by the 
schools themselves, looking toward imple- 
mentation of recommendations already 
made. 

In some quarters the suggestion has 
been made that an overlay of graduate 
work is the answer to a need for stronger 
science content in the curriculum, and to a 
higher total level of achievement. Your 
committee believes that the basic program 
in engineering leading to the first degree 
in the field should be of a quality to suffice 
for the professional need of perhaps 
eighty percent of the graduates, and that 
truly graduate work should be reserved 
for the remaining few having special com- 
petence. The responsibility for support 
of the profession, it is believed, must rest 
chiefly upon the adequacy of the under- 
graduate program. 

1‘*The American Scene,’’?’ by W. E. 
Wickenden, Director, Investigation of En- 
gineering Education, SPEE, Vol. I (1929), 
p. 1000. 

2(a) ‘‘Engineering and Social Prog- 
ress,’’ by Karl T. Compton, Proceedings, 
SPEE, Vol. XLVII (1939), p. 8. 

(b) ‘‘Atomie Engineering?,’’ by Theo- 
dore von Karman, Mechanical Engineering, 
October, 1945, p. 672. 

(c) ‘*Tomorrow’s Engineers,’’ by J. R. 
Van Pelt, Excerpt from Proceedings, ASEE, 
Vol. 55 (1948), p. 168. 

(d) ‘‘Present-day Engineering and Ap- 
plied Science’’?; Report of Panel on the 
McKay Bequest, Harvard University (1950), 
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The great pressure upon the engineer- 
ing schools to provide general education 
in addition to an increased scientifie and 
technical training brings them constantly 
face to tace with the limitation in time 
imposed by the conventional curriculum. 
It is perhaps time that this problem was 
approached in terms of total need; and 
then the time required to achieve this 
need be measured beginning with the 
preparation now available from the 
secondary schools. For many years the 
approach has been to see what can be given 
within the four-year framework, with the 
result of over-crowding the program and 
with a general shifting first in one diree- 
tion and then another without total gain 
in achievement. Other professions have 
had to face this issue. If engineering 
maintains professional stature, it will 
have to organize accordingly. Some have 
suggested a pre-engineering period in 
which the high school preparation may, if 
necessary, be augmented to a desired level 
before beginning engineering study. 

There has been some discussion of the 
list of degrees granted in engineering. 
There is a gradual tendency to drop the 
professional degrees of C.E., M.E., ete., 
awarded after a suitable interval of prac- 
tical experience and the submission of an 
acceptable thesis. If the professional 
degrees became generally available for 
work in course, they could then be used 
to designate the longer programs that 
are now under way, whether they be one- 
degree or two-degree programs. 

Finally, it becomes clear that there is 
going to be a shortage of engineers for 
many years to come. At such a time, in 
the national interest, it is of paramount 
importance that the best possible educa- 
tion in engineering be provided by our 
schools. Each man is going to be called 
upon to cover a greater range than here- 
tofore, if the engineering needs are to be 
met. Every school should devote itself 
to ways of substantial improvement of its 
program, to the end that its graduates will 
meet the responsibilities being placed 
upon them. 
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Cooperative Relationships Between Engineer- 


ing Colleges and 


By GEORGE 


Executive Director of the Fo 


A Starting Point 

A typical engineering approach requires 
that we first identify the problem and then 
gather the facts before a solution can be 
sought. In secondary school 
ing college cooperation, the same formula 
can apply. This paper is presented as one 
ease. It is an attempt to identify a few 
of the road blocks and faets which prevent 
the full alignment of educational forces 
toward the solution of the shortage of 
engineering graduates. 

The opportunity to tackle this seeond- 
ary school angle came about as a friendly 
criticism of engineering college practices 
by representatives of the Cleveland High 
School system. This criticism was 
promptly answered by Dean S. C. Hol- 
lister (President of the American Society 
for Engineering Edueation) during a 
special visit to Cleveland and in a meeting 
attended by many high school principals 
and representatives of the Cleveland Guid- 
ance and Placement Counselling service 
under the Staff Direction of Miss Mildred 
Hickman. 

This, then, is to be an analysis of the 
Many of these 
points probably apply in all major second- 
ary school systems. The facts in this 
history lead to certain recommendations 
which we will cover a bit later. 


engineer- 


situation in Cleveland. 


The Cleveland High Schools 
First of all let us just take a brief look 
at the Cleveland secondary school estab- 
lishment. Of direct interest to engineers 
is the fact that the male graduating classes 


Secondary Schools 


K. DREHER 


indry Educational Foundat on 


beginning in 1922 when 997 young men 
completed their high school work, did 
show constant increases up to a peak in 
1939 of 3853. Sinee that time, with the 
exception of one odd vear, this number 
has steadily dropped to 1897 in 1951. 
During the years 1945 through June of 
1951, inclusive, some 4878 boys enrolled 
in Colleges out of a total of 16,099 male 
graduates. This represents 30.39 of the 
male high school population. A good 
share of this total was due to the fact that 
during this period 2907 of these graduates 
were GI’s who qualified for high school 
diplomas and who thereafter had educa- 
tional rights under the GI program. 

1271 of this graduating group entered 
engineering study. This represents 7.85% 
of the male graduating class. Fenn Col 
lege and Case Institute of Technology, 
with Ohio State University a good third, 
received the major portion of this group. 
Against the College entrants this repre- 
sented 269% for engineering (a very high 
proportion over the seven year period). 
In this summary one high school, East 
Technical, sent 20°, of its graduates (7's 
of its College entrants) into engineering 
college. A good share of this is due to the 
Technical’s 

His eur 


guidance effected by East 
principal, Mr. Bernard Taylor. 
riculum has gradually evolved so as to 
permit organized preparation for engi- 
neering study. 

The engineering college percentage for 
the 12 eligible schools varies from a low 
of .19°% to the 20% 


following chart shows present trends. 


just mentioned. The 
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FivE HigGH ScHOOLS SHOWING HIGHEST ENGINEERING INTEREST (COLLINWOOD, East HiaGu, 
East TECHNICAL, MARSHALL, WEST HIGH). REPRESENTING 83% OF 
ENGINEERING COLLEGE ENTRANTS FROM THE ENTIRE 
TWELVE CLEVELAND HIGH SCHOOLS 


Subject 1945-1951 (Inel.) 1951 
Averages Alone 
Average Male Graduates 987 786 (80% of average) 
Average Males to College 321 250 (78% of average) 
Average Males to Engineering College 151 82 (54% of average) 
Per Cent of Engineering/High School Graduates 15.3% 10.4% 


The Cleveland school system is proud 
of its student mortality record as com- 
pared to national averages. They state 
that the national mortality record of high 
school students is in the neighborhood of 
50%. In Cleveland it is a good 10% 
higher being 55% for the boys and 65% 
for the girls. There are several condi- 
tions aiding this high school mortality at 
the present time. Some of the defense 
plants are offering high wages for men 
without any training. In Cleveland, for 
the past many years, the building trades 
have been especially lucrative with the 
average carpenter, plumber, brick mason 
and electrician earning far in excess of 
the published averages for engineering, or 
for that matter for college students. 

The industrial nature of the city of 
Cleveland, itself, makes its population 
predominantly of industrial workers. 
While many families wish that a College 
education might be arranged for their 
children, the fact remains that in most 
cases the inspiration and caliber of family 
training is not such as to lead a young 
man along the rigorous mental path 
necessary for successful college careers. 
Another factor is the lack of finances. 
Military service is a deterrent and we 
believe that many young men join directly 
from high school through purely emo- 
tional factors and with the hope that the 
much advertised education offered in the 
various branches will somehow prepare 
them for civilian life later on. 

I might add, at this point, that engi- 
neering is not the only field suffering 
under the present circumstances. Young 
girls with a very slight amount of typing 
and shorthand instruction are being urged 


to leave school by Cleveland industry and 
take positions in their offices and we might 
add, at luerative salary levels from 
$200.00 and up. 

In its guidance and placement activity 
the Cleveland school system, of course, 
does have some policies. Prominent 
among these is the one which states that 
they will not recruit students for any 
specific field of study. They will guide 
the interests and wishes of students and 
their parents.’ At the same time, how- 
ever, they indicate a willingness to co- 
operate with universities and other agen- 
cies attempting to sell their school or their 
field of endeavor. From our viewpoint, 
this includes the engineering colleges and 
the Engineering Societies as represented 
by the Cleveland Technical Societies 
Council. The Cleveland schools seek to 
avoid the exploitation of their students by 
any group which includes the professions. 


Road Blocks 


In addition to the above policies there 
is a certain reluctance to push engineer- 
ing. There are several listed reasons for 
this, but prominent among them must be 
placed the fact that there are very few 
engineers in secondary education and that 
practically all of the Counseling work is 
accomplished from the viewpoint of the 
schools of Education and Liberal Arts. 
The following points are more specific, 
however, and we will list them with some 
diseussion point by point: 


1. Foreing of Mortality. 

There still persists a knowledge of the 
fact that many colleges and universities 
did, in the reeent past, deliberately force 





th 


to 


th 
st 
m 
th 


sh 


or 
re 


fe: 
sel 
cu 
Cl 
th: 
du 


ww 


cet 
ins 
the 

{ 


mu 
me 








ENGINEERING COLLEGE-SECONDARY SCHOOL COOPERATION 


the mortality of a certain percentage of 
their entering classes. 


2. The Publicized Mortality of Engineer- 
ing Students. 

So much attention has been given to 
this in engineering discussions that the 
student, family and counselor’s minds are 
more or less conditioned to the fact that 
the student has an only 1 in 2 chance of 
finishing an engineering curriculum. Ac- 
tually, comparative figures with other col- 
lege entrants show that engineering is only 
slightly tougher in this respect. We 
might add that the Cleveland school sys- 
tem was remarkably pleased with the 
analysis which Case Institute of Technol- 
ogy made of their own student success 
history. These results showed a 76% 
survival of the entering freshman with 
one-third of the mortality due to academic 
reasons, 


3. The Handling of Entering Freshmen. 

The transition from the relatively 
closely guided career in high school to the 
entirely “On your Own” technique which 
has prevailed in engineering and other col- 
leges is to much for many young and im- 
mature minds to absorb. Guidance of 
the individual student and lack of friendly 
counsel by faculty members tends to leave 
the young man rather high and dry. He 
needs someone to coach him through the 
first few months. 


4. The Tough College Professor. 

Within the past year a pair of Pro 
fessors in the presence of a Cleveland 
school representative and during a dis- 
cussion as to the failure of a couple of 
Cleveland boys made reference to the fact 
that'a certain Professor considered it his 
duty to flunk a certain number each year. 


5. Better Admissions Procedure. 

The schools feel that pro- 
cedures should be of the type that would 
insure a better than 50% success among 
the entering students. 

The secondary educators are 
much eloser to the families of these young 
men and are frequently criticized for the 


admissions 


school 


ty 
Nn 
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financial sacrifice engendered by the tail- 


ure of a young man in college. 


6. Gaps. 

It must be acknowledged that some gaps 
exist between the level of teaching in 
mathematics, physics, chemistry, English 
and college expectancy. In Cleveland, the 
schools do not claim to have their courses 
in these subjects accurately tuned to the 
varying interpretations of standard re- 
quirements made by individual engineer- 
ing colleges. A similar situation existed 
in 1940 among the young women students 
who sought careers in the nursing profes- 
sions. The failures in this group were 
close to the 50% level. Through the co- 
operation of Professor Margene QO. Faddis 
at the Francis Payne Bolton School of 
Nursing, Western Reserve University and 
Dr. Herschel B. Grime, Supervisor of 
Mathematics in the Cleveland Publie 
Schools, a book was published by the J. B. 
Lippincott Company entitled “The Math- 
ematies of Solutions and Dosage, inelud- 
ing Simple Arithmetic.” This book was 
intended as a guide to the high school 
teacher and as a practice manual for the 
entering student nurse and has served as 
a bridge between the high school and col- 
lege level studies in that field. 


7. Stature of High School Educators. 

A high school edueator has many feel- 
ings akin to those possessed by college 
educators. They are forced to keep their 
students in through high 
This does not change their thinking about 
the fact that washouts in college reflect 
upon their teaching ability as well as 
upon the various abilities of the guidance 
counselors, principals and other personnel 
in the system. They enjoy the success of 
their students just the same as do engi- 
neering educators and they are depressed 
by the failures. 
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8. The Report of the U. S. 
Labor Statistics. 

In spite of the faet that a retraction 
and new set of charts were published and 
that Life magazine ran a full page picture 
of the present engineering situation, and 
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in spite of the fact that reams of news- 
paper propaganda has shown up, there 
is still a feeling that things are not quite 
as represented. The reversal was so com- 
plete that the present facts cannot be 
whole-heartedly accepted. Some of the 
reports of over-supply which cropped up 
last year had their beginning in the poli- 
cies and fears of engineering educators a 
few years ago. Such a feeling was com- 
municated to several Cleveland school 
officials as far back as 1946. In the same 
vein they look askance at the enlisting of 
girls for the engineering profession feel- 
ing that there is too much danger for such 
action to end up as pure exploitation. To 
reverse this opinion the Counsel and en- 
thusiasm of successful female engineers 
must be evident. 


Influence of Technical Councils 


Another factor entering into the Cleve- 
land situation is its relationship with the 
Cleveland Technical Societies Council. 
This Council has been very active in the 
conduct of career conferences on engi- 
neering. Some 40 members of these dif- 
ferent Societies helped conduct this year’s 
conferences, one of which was held on the 
east and the other on the west side of the 
city. In spite of all their efforts and hard 
work the value of the conference seems to 
be diminishing and the success of this 
year’s affairs might be seriously ques- 
tioned. High School Sophomores, Juniors 
and Seniors are permitted to attend. In 
these three classes within the city of 
Cleveland there are probably some 6000 
young men, 2000 of them in the Senior 
level. A total of 364 of these young men 
attended the two conferences. <A_ talk 
was given by one of Cleveland’s engineers 
and was well received by the students 
present. A series of nine panel diseus- 
sions were organized to follow the address. 
A movie was inserted into the program 
which brought the actual beginning of 
the individual panel discussions to a point 
well after 9 p.m. at which time several of 
the students left for home. The movie, 


itself, was well made, but we doubt if it 


could be called psychologically correct for 
the inspiration of young minds as it made 
little attempt to tie the student’s present 
experiences into the potential abilities 
which he might possess. Most of the ex- 
amples given were too far beyond the 
scope of the high school mind. 

The junior and senior high school stu- 
dents, according to Cleveland Educators, 
have committed themselves to a course of 
study. If they have failed to take basic 
engineering college requirements it is too 
late, in most eases, for correction. As 
tough and unreasonable as it seems, under 
our present engineering college curric- 
ulum and requisite admissions procedures, 
a high school student must make up -his 
mind as to general classification of life 
work while still in Junior High School. 
Efforts to interest young minds must be 
directed to and adjusted for that age 
group. 

There is serious question in the Cleve- 
land School System as to the worth-while- 
ness of continuing this conference. If it 
is to be continued, then greater inspira- 
tion, more skillful handling of invitations 
and the meetings themselves and more ef- 
fective dramatization of the careers in 
engineering will be required. 


Progress and Problems 

During the past few years, engineering 
has taken on a broader connotation as 
evidenced by the efforts to inject business 
and social understanding into the currie- 
ulum. Engineering education is prepara- 
tion for a way of life, just as the study of 
medicine, of science and of the clergy are 
ways of life. 

Engineering has had a very human 
function during its existence. The engi- 
neer has devoted his every attention to 
making slaves out of machines and things 
instead of people. It is the engineer who 
has lifted humans from slave conditions 
toward the American ideal of individual 
human dignity. Our national strength 
and well-being has grown in proportion 
to the growth of engineering education. 
The engineer of the past century has done 
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more to accomplish the dreams of the 
world’s philosophers than all of the litera- 
ture and lip service of 20 centuries. En- 
gineering is a worth while kind of life. 

This concept, and the present shortage 
of candidates requires some compromise 
of past standards and ideals. We must 
first acknowledge and be sensitive to the 
problems of the secondary school educator 
and then proceed to find ways of co- 
operating whole-heartedly with them. The 
ultimate people we must influence go 
beyond those with whom we have been 
dealing up to the present. In trying to 
expand the entering Freshman engineer- 
ing class we are reaching into a different 
type of family and to a different type of 
student. 

It has been a varying policy in engi- 
neering schools to look somewhere in the 
upper 20% of the graduating classes for 
prospective engineering students. We are 
reaching below this now and it is very 
possible that in the next four or five years 
you will have to reach way down to grad- 
uate 30,000 engineers a year. You may 
even get down to the average American 
family where the income as a unit is in the 
neighborhood of $3500.00 and papa has 
an average educational attainment of one 
year in high school. In reaching for 
talent down to this level we can expect 
other human problems to enter into the 
scene which we will not discuss in this 
paper. 


Some Engineering Advantages 

The engineering profession has much to 
sell. There is the essentially very human 
and established fact that the engineer is a 
better husband and family man and a good 
though quiet citizen in his community. We 
have heard Engineering Deans state that 
some 43% of the men entering the engi- 
neering profession develop into executives 
and company presidents. There must be 
some qualities which engineering studies 
impart or such a large number would not 
be promoted to positions of executive re- 
sponsibility. Perhaps this study develops 
a disciplined mind and at the same time 
creates a relatively more honest individual. 


The engineer, by reason of his ability 
to organize and direct activity, as well 
as by reason of his engineering knowledge, 
has a more flexible earning power than 
is the case with many an individual. His 
feeling of personal worth is perhaps as 
high as that of the medical profession and 
most certainly there are none higher. 
There is a patriotic appeal at the moment 
because it must be acknowledged that we 
cannot match man for man with the rest 
of the World but we certainly can match 
intelligence if we organize ourselves to 
keep the pipe lines which educate this 
intelligence sufficiently filled. 


Sugge stions 

We were really pleased to learn recently 
of the certificates which Purdue Univer- 
sity issues to every student who must leave 
school before graduation for one reason 
or another. It acknowledges that he has 
had some engineering study. Much more 
could be made of this one basie fact and 
perhaps a slight rearrangement of cur- 
riculum in most colleges would make 
one year of engineering study a definite 
value, and two years would give a very 
firm foundation. This will enable a young 
man to continue through self-study and 
night school his personal development at 
a pace which would not normally be pos- 
sible without this basie training. Cleve- 
land educators suggest that some designa- 
tion such as “Junior Engineer” might be 
applied to young men finishing a two year 
program so as to give more standing to 
those who cannot afford or cannot master 
the full curriculum. To many, this point 
is one which has been neglected by the 
engineering profession and one which 
should be eapitalized upon as it would 
help many young men prepare for a better 
life. 

The Counselors and high school edu 
eator can be influenced from the indus 
trial angle through employment on special 
projects or during the summer vacation 
months. Other efforts to recognize the 
contribution of these people in the de 
velopment of young men and the ultimate 
stature of our Nation could be .explored 
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by Professional Public Relations person- 
nel. Anything at all that would help 
establish the personal worth of the high 
school educator and beyond that those 
things which would permit engineering 
colleges to acknowledge and honor this 
worth would help ease and ultimately de- 
velop fullest cooperation. 

The publicity, the booklets, the movies 
and every other tool which the engineer- 
ing profession uses to build up the proper 
student body will all be helpful. We 
should not forget, however, that the great- 
est sales argument in the world is to have 
someone else attest to the value of your 


College 


The appointment of Maleolm S. Me- 
Ilroy as assistant director of the School 
of Electrical Engineering at Cornell Uni- 
versity was announced. Professor Me- 
Ilroy, who has been a member of the 
Cornell faculty since 1947, was awarded 
the John M. Goodell Prize of the Amer- 
ican Water Works Association last year 
for his work in developing an electrical 
apparatus to study pressure flows in 
pipeline networks. 


An important new research program 
designed to provide information which 
will enable manufacturers to make the 
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product. The young engineer and en- 
thusiastic (an important factor) engineer 
in industry is the greatest argument for 
engineering study. To these engineers as 
individuals we must look for assistance in 
making the final decision in the mind of 
the high school graduate and his family. 
It will be his influence and his persuasion 
of this student and his parents and upon 
secondary school educators that will be 
the greatest single force in helping us to 
realize our self-set goals. It is this group 
that must be organized and guided so that 
their efforts will be adept and meaningful 
where it counts. 


Notes 


automobile a less lethal form of trans- 
portation was announced by Cornell 
University. Springing from Cornell’s 
long-established program in air-safety re- 
search, the undertaking will strive for im- 
proved automobile design to give the rider 
greatly improved chances of emerging 
from accidents without disfiguring, dis- 
abling, or dangerous injuries. The Cor- 
nell Committee for Air Safety Research, 
which heretofore has confined its interests 
to air safety, will broaden its activities 
and change its title to “The Cornell Com- 
mittee for Transportation Safety Re- 
search.” 
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Questions Concerning the Engineering 
Curriculum 


—_ 


By L. 


Vice President for Inst 


). GRINTER 


ructional Activities, ASEE 


Research Professor, Illinois Institute of Technology 


In an article published in the JouRNAL 
OF ENGINEERING Epucation for Septem- 
ber, 1951, President Hollister has asked 
many questions that engineering teachers 
and administrators must answer if prog- 
ress is not to be denied. The central ques- 
tion is “how is it possible to meet the 
needs of the world shaking technology of 
today by use of a curriculum that has 
changed only in its details but not in its 
concept for forty years?” President Hol- 
lister has used the word curriculum de- 
spite the fact that many college catalogues 
list a dozen or more engineering curricula. 
One is justified in this choice of wording 
because such curricula are nearly all de- 
signed to achieve the same objectives. 

The following list of objectives inherent 
in single curriculum building raise the 
question of realism in regard to our 
present approach to this problem. Our 
students must be broadly educated; this 
should invite study of the humanities, 
political science and world economies. 
They must have a background of physical 
science of a more detailed nature than we 
consider necessary for a major in any 
other field except for those who would 
become physicists or chemists. The same 
may be said for mathematics. At the be- 
ginning level engineers must give time, 
we believe, to drawing and descriptive 
geometry and later to surveying or process 
work from which all other students are 
free. Then they must develop a command 
of several of the applied sciences of engi- 
neering. Eventually they must achieve 


261 JouRNAL OF ENGINEERING Ept 


capacity to design which is the heart of 
engineering curriculum building. 
ing as we do that only economie design 
is good design we also emphasize costs to 
a greater extent than any other college 
except the College of Business. To pre- 
pare our graduates to take their places in 
supervision or administration, which is 
the destiny of a majority, we accept the 
necessity for study of personnel relations, 
business organization, and management. 
Now add to these objectives the need of 
every engineer for breadth of knowledge 
in several fields of engineering and the 
importance of the mental discipline that 
only comes from specialization. Is it 
necessary to continue further or has the 
elastie limit already been exceeded? Can 
all of these objectives be achieved to a 
useful level for most students in four-year 
curricula? 

If your observation of our product 
leads you to question the suecess of mak- 
ing the engineering curriculum try to 
meet so many objectives in so limited a 
time, what are the alternatives? I. sup- 
pose they are first to use more time or 


Believ- 


second to reduce the objectives per stu- 
dent. If nearly all of our students were 
destined to spend a lifetime working as 
engineers, no doubt we would long since 
have extended the period of training to 
five or six years. But we know that large 
numbers study engineering without strong 
professional objectives. Also, there is no 
obvious alternative study for many young 
men who desire to live and who know that 
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they must make a living within the broad 
framework of technology. For these stu- 
dents the present curriculum is sufficiently 
long and perhaps too specialized. But 
for those whose interests are in profes- 
sional specialization the curriculum of- 
fers insufficient opportunity to lay a firm 
foundation in basie science, in mathemat- 
ics, and in the engineering sciences that 
support specialization. 

If we accept these observations as suf- 
ficiently true to rule out drastic solutions, 
such as longer programs for all students, 
what opportunities remain for facing the 
questions raised by President Hollister? 
Must all students be treated essentially 
alike? Is it reasonable to place those who 
desire to become professional engineers 
and those who wish merely to study engi- 
neering under restrictions of the same cur- 
riculum for four years? Despite great 
differences in aptitudes should all elec- 
trical engineers, for example, receive the 
same preparation for design? Is it even 
necessary that all should have the same 
humanistic background, or might some be 
allowed to emphasize non-technical studies 
as background for engineering statesman- 
ship while others might choose the limited 


objective of becoming a good designer? 
Perhaps an even more restricted objective 
would serve for some students while 
breadth of education would best meet the 
interests of others. 

It seems to the writer that the emphasis 
upon the multiple branches of engineering 
in curriculum building may have passed 
its zenith. Certain needs and opportu- 
nities that are becoming more clear are 
forcing the branches of engineering ed- 
ucation to draw closer together again. 
Research and its special needs is one such 
influence. Administration is another. 
Perhaps our interest in developing spokes- 
men or statesmen for the profession is a 
third. The question to be raised is whether 
we can provide the flexibility within in- 
dividual curricula to take eare of the 
diverse interests of designers, researchers, 
managers, constructors, salesmen and 
statesmen? If our answer is yes, we must 
start to question the concept of a fixed 
curriculum pattern for all engineers even 
within a single department of a single in- 
stitution. Certainly we should then en- 
courage the greatest reasonable divergence 
between programs in different institutions. 
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Engineering Research in the Program of the 
National Science Foundation * 


By DR. PAUL E. 


KLOPSTEG ** 


Assistant Director for the Mathematical, Physical, and Engineering Sciences 
of the National Science Foundation 


As representative of one of the uni- 
versity members of the Engineering Col- 
lege Research Council for a number of 
years, it is pleasant to renew associations 
with this group. Having only recently 
assumed responsibility for direction of the 
Mathematical, Physical, and Engineering 
Sciences Division of the National Science 
Foundation, I am sure that my profit in 
getting your views and comments will be 
greater than yours in listening to this 
speech. I am grateful for the oppor- 
tunity to meet with you. 

Engineering has been characterized as 
the art of directing knowledge of the 
physical sciences towards useful ends. 
Another summary statement, attributed 
to the distinguished engineer, Gano Dunn, 
is: “Engineering is the art of the eco- 
nomic application of science to social 
purposes.” Still another, inscribed on a 
wall of the headquarters building of the 
Engineering Societies is: “Engineering is 


the art of directing men and controlling 
the forces and materials of nature for the 
benefit of the human race.” 

All three of these statements assert, in 
common, that engineering is an_ art, 
namely, the art of directing, applying or 
controlling something, for the benefit of 
mankind. Although each differs in form 


* Presented before the Engineering Col- 
lege Research Council at the Fall Meeting of 
the ASEE, Houston, Texas, November 15, 
1951. 

** On leave from Northwestern Techno 
logical Institute. 


from the others, all express essentially the 
same thoughts, and we may, I believe, ac- 
cept them as a fair characterization of our 
field. 


Functions Prescribed by the Act 


The National Science Foundation Act 
of 1950, which established the Foundation 
as an independent agency in the executive 
branch of the government, authorizes and 
directs the Foundation to perform certain 
functions. Those of particular interest to 
engineers are: 

(1) To develop and encourage the pur- 
suit of a national policy for the promotion 
of basie research and education in the 
sciences; (2) to initiate and support basic 
scientific research in the mathematieal, 
physical, medical, biological, engineering 
and other sciences . . . (4) to award 
scholarships and graduate fellowships in 
the mathematical, physical, medical, bio- 
logieal, engineering and other sciences; 

(6) to evaluate scientific research 
programs undertaken by agencies of the 
federal government, and to correlate the 
Foundation’s scientific research programs 
with those undertaken by individuals and 
by publie and private research groups. 

These functions, quoted from the Act, 
contain two points that are worthy of 
special attention: First, it is unequivocally 
stated that the Foundation shall concern 
itself with basic scientific research ; second, 
engineering is regarded not as an art but 
as a science. It is, in fact, called a science. 
Further along, the Act specifies that there 
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shall be initially four divisions (with the 
provision that others may be established 
by the National Science Board) of which 
the second is called “Division of Math- 
ematical, Physical, and Engineering Sci- 
ences.” 

Perhaps the extent of the incongruity is 
not so great as might appear at first sight. 
As used in the definition of engineering, 
“art” clearly means skill; and to become 
skillful in applying the principles of the 
physical sciences to human needs and 
desires requires further knowledge that 
must be acquired through research. Im- 
plicit in the concept of engineering, more- 
over, is the social aspect; there is no engi- 
neering unless it be directed towards ends 
that are useful and desirable to human 
beings. Science, on the other hand, is 
completely impersonal in its aims and 
ideals. 


Basic Research vs Applied Science 


Ideally, the scientist has but one aim: 
to penetrate and conquer the areas of 
ignorance and annex the territory thus 
gained to the contiguous areas of knowl- 
edge. Perhaps this description may serve 
as a working definition for basie research ; 
perhaps also it may help our thinking 
about basie research in engineering. If 
penetration and conquest of ignorance is 
an essential step in research, engineering 
may lay equal claim, with science, to the 
procedure; for science has no monopoly 
of that which is unknown. It seems quite 
unprofitable to try to write specifications 
for ignorance, or to subdivide it into 
areas. The point of this discussion is that 
lack of knowledge about applications of 
scientifie principles to a particular situa- 
tion is ignorance just as truly as is lack 
of knowledge of the principles to be ap- 
plied. Hence it seems logical to take the 
position that research directed towards 
methods and procedures of applying 
knowledge towards useful ends is research 
as truly as that which seeks knowledge of 
science in the first instance. I am mind- 


ful, furthermore, that in seeking to devise 
the procedures and methods of applica- 
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tion, engineering research must always be 
concerned with the economic and social 
aspects of its possible results. This makes 
the research no less basic. 

There is another approach to the prob- 
lem of what constitutes basie research, in 
general, and basic research in engineering, 
in particular. In the sciences, it seems 
generally accepted that basic research has 
as its sole motive the search for new 
knowledge. The scientist engaged in it is 
free to follow his intellectual nose. His 
procedure is one of pure inquiry, without 
external program or direction. From his 
point of view, anything that savors of the 
practical, or of applications, is not re- 
search, but development. He may yield 
sufficiently to say that it is “applied” re- 
search. 

To explore this line of thought in the 
direction of our thinking will require 
traversing ground which undoubtedly is 
familiar to all of us. 

We begin with agreement with the sci- 
entist as to what constitutes basic research 
in his field, and recognize that the outeome 
of his efforts is an addition to knowledge 
and understanding of some physical phe- 
nomenon. Whether this knowledge is 
usable or useful is at the moment un- 
known. It is possible, and it frequently 
happens, that in the course of his in- 
vestigations some evidence of utility ap- 
pears; indeed, there may emerge from his 
activity something that has obvious ap- 
plicability, with economie or social im- 
plications. An example is the Steenbock 
research on the effects of irradiation, by 
a certain region in the ultraviolet, of cer- 
tain steroids, producing vitamin D. 

Ordinarily the evidence of utility is not 
so clear. In most cases, the undertaking 
by which useful applications of principles 
are found is initiated as the result of some 
economic or social motivation, for finding, 
devising, or improving procedures, devices 
or processes in some well defined area. 
Those engaged in the work thus form- 
ulated may be engineers, or they may be 
working in the vanguard of engineering, 
in applied science. For them and from 
their point of view, their work is basic 
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research. After they have found out how 
to apply a new principle, and have demon- 
strated the feasibility of what they have 
found, the project enters the engineer’s 
domain. I hasten to say that there is no 
clearly-defined boundary; the scientist 
may have to do some engineering, the 
engineer may have to make an occasional 
journey into science. 

Broadly speaking, of course, engineer- 
ing is applied science; but in this diseus- 
sion I conceive of it as applied science 
plus something more. That something 
more is a thorough awareness of the eco- 
nomie and perhaps, in some measure, of 
the social aspects of the general problem. 
He takes over, and earries the design, or 
method, or forward to its 
nomie utilization, including the important 
funetions of initiation, supervision and 
control of the steps involved by which the 
product is put in final form for use by 
the publie. 

There is another possible avenue of ap- 
proach to testing whether a given re 
search activity is basic. This is the ques- 
tion of the motive of the research worker. 
It is held by some that unless the motive 
is solely to add to knowledge without con- 
cern for any other considerations, the 
research is not basic. Under this coneep- 
tion, it is possible that two people might 
begin with identical knowledge and arrive 
at identical results, each under the stimu- 
lation of different motives. One of them 
has no practical objectives in mind. The 
other has. On the basis of such a test, 
then, the research would be basie for 
Worker A but it would not be basie for 
Worker B. 
because it illustrates the difficulty of ap- 
praising proposals. For some purposes 
the test of motive might be entirely proper 
and practicable, but it would seem a little 
difficult to employ this test in appraising 
suggestions or proposals to the Founda- 
tion. 


process eco- 


I cite such a possibility only 


Each Proposal on its Own Merits 


From considerations such as these one 
may derive some of the intellectual satis- 


faction that comes from the arrangement 
of ideas in a logical pattern. Actually, in 
carrying on the work of the National Sci 
ence Foundation, we cannot—desirable as 
they may be—write any rules or devise 
any standards of measurement that could 
be applied to a particular proposal to 
determine whether the project in question 
is or is not in the eategory of basie re- 
search. It our 
having to deal so extensively with opinion, 
that no simple criterion, capable of being 
mechanized, or of being developed into 
simple routine, can be established, against 
which to appraise a proposal. That which 
is basie research to an engineer will in all 
probability not be so regarded by the 
scientist, either in the applied field or the 
fundamental disciplines. Each situation 
will have to be evaluated with the best 
judgment that can be brought to bear 
upon it, and decisions reached in harmony 
with the broad objectives of the Founda- 
tion. 


is obvious, in view of 


The National Science Foundation is 
trying to develop its organization and 
procedure in such a way that only 


thoroughly qualified persons will be eon- 


sidering proposals for research in any 
area of science and engineering. More 
over, it is the intent of the National Sci- 


Board that basie research in engi- 
neering will be supported, whether or not 
the subjects to be investigated bear the 
specific label “engineering.” We have, for 
purposes of aiding our own thinking, 
prepared lists of many such subjects, and 
members of the Board have found these to 
be appropriate illustrations of research 
in engineering. Here are a few samples, 
illustrative only, and by no 
clusive : 


enee 


means in- 


Transient flow in porous media. 

Fatigue characteristics of engineering 
materials under conditions of variable 
eyele loading. 

Fluid friction in unsteady motion. 


Surface temperatures of sliding sur- 
faces. 

Theoretical study of detached shock 
waves. 








Study of the earth as a thermal source 
and sink. 

Solar energy studies. 

Diffusion in liquids near the critical 
point. 

Influence of ultrasonics and microwaves 
on chemical reaction rates. 

Theoretical studies of interaction phe- 
nomena of electric charges and electro- 
magnetic fields. 

Properties of wave guides, wave guide 
filters. 

Power measurement at radio and micro- 
wave frequencies. 

New methods of performing mathemat- 
ical operations with electronic computers. 

Intermetallic compounds as high tem- 
perature materials. 

Correlation of erystal structure of re- 
fractories with thermal shock properties. 

Correlation of dielectric properties of 
mica with erystal structure. 

Plastic flow and stresses within the 
grains of metals. 

Oxidation of metals at high tempera- 
tures and pressures. 

Application of measurement and con- 
trol to research problems in various sci- 


ences, 


Methods of Financing Research 


The National Science Foundation Act 
provides a large degree of freedom in the 
choice of means for supporting research. 
For the mést part, such support will be 
given through financial assistance to or- 
ganizations and individuals primarily for 
the conduct of research. In connection 
with such work there may be necessary 
field trips or expeditions, development or 
purchase of instruments or other equip- 
ment, and the construction, modification 
or purchase of laboratories or other facili- 
ties. 

Direct support of research is, however, 
not the only function of the National Sci- 
ence Foundation, as is evident from the 
recital of functions which were quoted 


earlier from the Act. Accordingly, it is 


also anticipated that support will be given 
for education and training of scientific 
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personnel, through the Division otf Sei- 
entific Personnel and Education, largely 
by a program of fellowships and, later, of 
scholarships. Other activities are contem- 
plated, all of which bear directly or in- 
directly on research in the natural sci- 
ences, 

Heretofore two methods have been 
widely used by government agencies for 
financing research. One of these with 
which I am sure all of you are familiar 
is the contract. The basis of a contract 
is a quid pro quo, that is, the exchange 
of specified performances. One form of 
the contract has been the fixed price or 
lump sum contract under which, when 
used in research, the contractor agrees to 
specific performance in return for an 
agreed upon compensation. This requires 
that the cost of the work to be done be 
estimated in advance in fairly specific 
terms. In basic research it is difficult, if 
not impossible, to make such accurate de- 
terminations. The administrative advan- 
tage in the fixed price contract is the 
absence of a need for supervision of ae- 
tual costs incurred. The lump sum con- 
tract has been used principally by the 
National Advisory Committee tor Aero- 
nauties and the Atomie Energy Commis- 
sion. 

The better known kind of contract used 
by government agencies in recent years 
is the cost-reimbursement contract. This 
type of contract, covering research and 
development, was first widely used by the 
OSRD during the war and more recently 
by ONR and others. It provides for eom- 
pensation for all costs incurred in the ac- 
complishment of the work. The difficulty 
of defining costs and of determining what 
costs have been ineurred is probably well 
known to all of you. Efforts to meet the 
difficulties have been evolved through a 
wide variety of specialized forms within 
the general framework of this type of 
contract. 

Such a contract almost invariably re- 
quires elaborate financial and property 
accounting systems and audits. All of 
this may prove burdensome, especially 
in contracts that do not involve large 
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amounts. 


They also result in relatively 
large costs of administration both for the 
government and the contractor. 

Inasmuch as the Foundation is specif- 
ically authorized to make grants for the 
support of basie research, it is now an- 
ticipated that this form of support will be 
most generally used by the Foundation. 
In the practice of both private and gov- 
ernment institutions, a grant is a donation 
of money, property or other valuable 
thing usually for the accomplishment of 
an agreed-upon purpose. Like the con- 
tract, the grant takes different forms de- 
pending upon the purpose to be achieved 
and the relationships established between 
the parties. Typically, the grant is char- 
acterized by statements of objectives and 
essential undertakings. It does not re- 
quire detailed financial and administrative 
arrangements. Payments to the grantee 
are usually made in advance either in total 
sum or relatively large installments. Re- 
liance is placed on informal understand- 
ings rather than legal safeguards although 
legal protection against deception and 
noncompliance is preserved. Compliance 
is achieved principally through continuing 
relationships between grantor and grantee. 

As you are aware, the grant for re- 
search has been most widely and almost 
exclusively used by private foundations. 

For many reasons, the grant seems par- 
ticularly appropriate for the support of 
basie research by the Foundation. It is 
anticipated that most projects that will be 
supported by the Foundation will arise 
through the initiative of individuals of 
demonstrated competence who have a keen 
interest in exploring some particular area 
and who lack the means necessary to carry 
on the work with expectation or hope of 
reasonably early results. 

Proposals are now being received by the 
Foundation. As it becomes more widely 
known that funds are now available for 
operation, it is expected that proposals 
will appear in increasing numbers. 

It is necessary at this point to inject 
a word of caution. Proposals should 
“come from within,” that is to say, from 
people who have a compelling urge to do 


basie research in the fields of their spe- 
cialty. Proposals should not be “dreamed 
up” for the sake of obtaining a grant. 
It is the duty of the Foundation to ex 
amine not only the subject matter but 
also the ability of the proposer and the 
facilities at his command. 

Although no special form is required, 
the staff of the Foundation is preparing a 
set of suggestions which proposers may 
follow in seeking a grant. Very briefly, 
it will be desirable to include in an esti 
mate the following items: 


a. Individual salaries of both full- and 
part-time personnel. 

b. Cost of capital equipment. 

¢. Cost of expendable equipment. 

d. Other direct costs such as travel and 
publication costs. 

e. Indirect costs (up to 15 per cent of 
total direct costs). 


Several of these items will raise ques- 
tions, some of which are difficult or, at the 
moment, impossible to answer. For ex 
ample, the publication of results of re 
search is a matter of expense which some 
government agencies are not permitted to 
reimburse. On the other hand, the posi- 
tion may logically be taken in matters of 
basie research that the research has not 
heen completed until its results have been 
made widely known to others working in 
the same field. 


Overhead Allowances 


Another question which I am sure would 
be asked, if I did not mention it, is the 
question of indirect sometimes 
known as overhead or in business as 
“burden.” No doubt many of you have 
spent many hours discussing this question 
with representatives of government agen- 
cies in connection with the cost-reimburse- 
ment type of contract. 

In grants made by the Publie Health 
Service and in many of the lump sum eon- 
tracts of the Atomie Energy Commission, 
8 per cent of total direct costs has been 
used as compared with various percent- 
ages ranging between 5 per cent and 100 


costs, 
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per cent or more of the direct payroll 
in the cost-reimbursement type of con- 
tract. 

In arriving at a suggested figure of 15 
per cent of total costs, several ideas have 
come into the picture. One of them is 
that the capital equipment employed in 
the research will in most cases become the 
property of the institution or organiza- 
tion receiving the grant. Another con- 
sideration is the fact disclosed in a survey 
that 15 per cent of total direct cost may 
amount to somewhere between 20 and 30 
per cent of payroll. Moreover, since we 
are considering only basic research, 
namely, the type of research which uni- 
versities generally consider as part of 
their normal activity, it may be assumed 
that they may not be averse to participa- 
tion to a limited extent, this extent being 
the difference between the actual indirect 
costs, assuming these to be known, and 
those provided for by the 15 per cent of 
the total. Since there is no provision 
either for an audit or for advance de- 
termination of actual indirect costs, there 
will be no occasion to discuss the question 
onee a university or other institution has 
agreed to accept the grant on the basis 
suggested. Perhaps it is not out of place 
to mention at this point that grants from 
private foundations do not provide for in- 
direct costs. 

Another important consideration is that 
with possible rare exceptions, all results 
of research done under a National Science 
grant will be unclassified. There will be 
freedom of publication—a most desirable 
sequel to a project from the standpoint of 
the university and an essential one from 
the standpoint of the scientific community. 
The value of publication to the investiga- 
tor and the university is obvious; it is 
the reward for work well done and for an 
enlightened institutional policy. Through 
it the individual and his university gain 
stature and prestige, and through it they 
achieve the satisfaction of having added 
to our knowledge. 

Possibly the most cogent point is that in 
the National Science Foundation some- 
thing new is added to American science, 


namely, an opportunity—at the moment a 
sharply limited opportunity because of a 
severely restricted budget—for those who 
have the ability and the desire to do basie 
research to obtain adequate funds to carry 
on this work, thus enabling their institu- 
tions to meet an obligation and a fune- 
tion that they have long recognized but 
which they have beer unable to fulfill for 
financial reasons. 


Other Considerations 


Other questions to which the answers 
may to some extent be anticipated will 
arise. The following answers are tenta- 
tively given and I say tentative because 
experience may show the need or desir- 
ability for change. 

The typical grant instrument will be 
exceedingly simple. Under it the research 
worker will not be required to be a book- 
keeper or accountant. He will agree to 
carry on his research under a statement of 
aim and scope of the work. His per- 
formance will be largely the result of his 
ability and integrity in carrying out his 
intentions. 

The funds allocated by the Foundation 
for research usually will cover more than 
a government fiseal year. They will, prob- 
ably after the present fiscal year, run for 
several years, and may run as long as five 
years. Most of you already know that the 
President’s request for an appropriation 
for the Foundation for the fiscal year 
1952 was about $14,000,000, that the 
House of Representatives cut this to 
$300,000, that the Senate brought the 
amount back to $6,300,000, and that the 
final figure agreed upon in the conference 
committee was $3,500,000. The point of 
this comment is that we cannot be com- 
placent and think that because we now 
have a law, the purpose of which is to 
initiate and support basic scientifie re- 
search and other related matters, scientific 
research is now provided for and can 
move forward as quickly as the ability and 
availability of scientists make possible. 
This is by no means the case. It is quite 
evident that notwithstanding the four or 
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five years during which science legislation 
was in process, there is still insufficient 
appreciation of the meaning of basic re- 
search among the publie at large. All of 
us who are interested in seeing the objec- 
tives of the Act realized must continue to 
work towards the that from these 
beginnings an effective organization may 
develop. The Foundation is definitely in 
its infaney and a good deal of intelligent 


end 


care is needed to assure its normal 
growth. Our task has only begun. 


In view of the fact that we are dealing 
with basie research, it is not anticipated 
that many inventions will be made. In 
the event that there is invention, the in- 
strument of the grant will permit the 
grantee to file for a patent at his discre- 
tion with the sole requirement that the 
Foundation be notified and in ease the 
patent goes to issue, the government shall 
have a royalty-free license or so-called 
shop rights. 

It is expected that when a grant has 
been made, the grantee will make an in- 
formal report or a series of reports to 
keep the Foundation informed of the 
progress of the work. 

In a discussion such as this, it is ob- 
viously impossible to cover all details. 
The most important matters pertaining to 
the administration of the support of re- 
search have been presented. 

To earry out the support of research 
and other objectives recited in the Act, 
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an organization is gradually being de 
veloped. In the Division of Mathematical, 
Physical, and Engineering Sciences there 
no staff, but 
qualified scientific personnel to head the 
several sections which will be concerned 
with the various physical sciences. The 
eventual size of the staff cannot at the 
moment be predicted. Under this year's 
appropriation, we shall have to move with 
caution. 

It is my hope that in this presentation 
[ have not given the impression that we 
in the Foundation know all the answers or 
even a substantial fraction of them. As 
I see it, the National Science Foundation 
is in something of an experimental stage. 
It is a great opportunity for the sei- 
entists of the country, provided they have 


is as yet we are seeking 


the wisdom and whatever other qualities 
are needed for making scientific research 
flourish and produce results on a seale 
These results, if 
Foundation are 


never before possible. 
the objectives of the 
achieved, namely, the objectives envisaged 
in the Bush report entitled Science, The 
Endless Frontier and in the Steelman 
Report, Science and Public Policy, will 
then truly beecme the firm basis for the 
further progress not only of our own 
country but of all mankind on a seale 
which can be limited only by the imagina- 
tion, and by the ability and effort that we 
put into this work. 


Mid-Winter Meetings 


A conference of the Division of Rela- 
tions With Industry will be held at the 
Massachusetts Institute of Technology on 
February 2, 1952. The theme of the con- 
ference will be “The Student as an Indi- 
vidual.” A meeting of the Advisory Com- 
mittee of the Division will be held on Fri- 
day, February 1, 1952, at 9:30 A.M. The 
first draft of the papers to be presented 
at the June meeting will be diseussed. 


The Mid-Winter meeting of the Engi- 
neering Drawing Division will be held at 
three New York universities—The Cooper 
S. Military Academy at West 
Point, and Columbia University on Janu- 
The complete 


Union, U. 


ary 23, 24 and 25, 1952. 
program was published in the November 
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issue of the JOURNAL OF 


EDUCATION. 











Summary of Resources for University Research 


By A. F. SPILHAUS 


Dean, Institute of Technology, University of Minnesota 


and 


JOHN I. MATTILL 


Secretary, Engineering College Research Council 


The importance of making full and ef- 
fective use of all of America’s power for 
scientific research and development is 
manifest today. Urgent requirements for 
national defense have been superimposed 
on the growing needs of industry for all 
kinds of scientific research—both at a 
time of decreasing scientific manpower 
supplies. For the first time in its history, 
the nation’s collective budgets for research 
and development in the physical and engi- 
neering sciences are seriously limited not 
by available funds but by available re- 
search capacity. 

Already the $1.1 billion military re- 
search budget requires 56,000 research 
scientists and engineers, or 43% of the 
total available in the United States. In 
1952, with the desired expansions and in- 
cluding studies sponsored by the Atomic 
Energy Commission and other agencies 
engaged in defense research, military re- 
search will require 65% of this manpower 
supply. Before the outbreak of hostili- 
ties in Korea, the nation’s annual research 
and development expenditures were $500 
million. By 1952 they must be expanded 
nearly three-fold, to $1.3 billion. Col- 
leges and universities are responsible for 
9% of the present research and develop- 
ment total; they must have at least this 


same share in the vastly larger 1952 total.! 

1‘*Research and Development: The Na- 
tion’s Balance Sheet in June, 1951,’’ by Dr. 
Eric A. Walker, JOURNAL OF ENGINEERING 
EpucaTIon, Vol. 42, No. 3, pp. 126-133 
(November, 1951). 


American colleges and universities in- 
clude within their staffs and faculties an 
important segment of the nation’s scien- 
tifie manpower—at present about 20% of 
the 120,000 people now in research in the 
United States. Fully effective use of col- 
lege and university potential may econ- 
siderably raise the ceiling placed on re- 
search and development progress. 

Early in November, 1950, the Research 
and Development Board in the Office of 
the Secretary of Defense reported to the 
Engineering College Research Council’s 
Committee on Relations with Military Re- 
search Agencies its coneern with this 
problem.? The Board told the group that 
the research responsibilities of colleges 
and universities ean be efficiently in- 
creased only if the nature and extent 
of educational institutions’ research re 


2The members of this Committee include 
Dean A. F. Spilhaus, University of Minne- 
sota, Chairman; Dr. A. P. Colburn, Uni- 
versity of Delaware; Dean W. L. Everitt, 
University of Illinois; Professor F. B. Far- 
quharson, University of Washington; Pro- 
fessor C. W. Good, University of Michigan ; 
Dr. Paul E. Klopsteg, Northwestern Uni- 
versity; Dr. James S. Owens, the Ohio State 
University; President J. R. Van Pelt, Mon- 
tana School of Mines; and Dr. Erie A. 
Walker, the Pennsylvania State College. 
The survey described on the following pages 
was carried out from headquarters in the 
office of the Secretary of the Engineering 
College Research Council, John I. Mattill, 
Massachusetts Institute of Technology, with 
the assistance of Miss Jean P. Stevenson. 
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sources are clearly established. This 
pointed clearly to the need for a na- 
tional inventory of the abilities, interests, 
and qualifications of educational institu- 
tions to undertake research in the physi- 
cal and engineering sciences.’ 

The Committee noted that such a study, 
if it could lead to more efficient utiliza- 
tion of these resources, would not only 
be of importance in the national interest 
—but would as well have great signifi- 
cance for scientific education. Oppor- 
tunities to undertake research for na- 
tional defense may be valuable to colleges 
and their faculties in a time of reduced 
teaching loads and increased financial 
problems. Research, under any cireum- 
stances, can make a most effective con- 
tribution to an educational program, and 
the potential importance of this factor is 
heightened by today’s desperate need for 
well-equipped young scientists and engi- 
neers. 

The inventory, as finally outlined by 
the Committee, concerned itself with three 
general subjects: 


1. The number of scientists and engi- 
neers available at educational institutions. 

2. The particular areas within their 
professions in which these persons are 
especially qualified to undertake research, 
by virtue of professional interests or 
teaching or research experience. 

3. Those unusual facilities for scientific 
and engineering research which especially 
qualify an institution’ for research in a 
particular problem or area. 


To obtain data for this national in- 
ventory, the Committee developed a spe- 
cial questionnaire form, designed to be as 
simple as possible within the limitations 
of the information needed and to produce 
answers suitable for mechanical process- 
ing and comparison. The most difficult 
task in formulating the questionnaire was 
to provide a checklist of research inter- 


3 The critical field of Psychology and Hu- 
man Resources was added at the suggestion 
of the Research and Development Board, 
since data of this nature was urgently 
needed for that area. 
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ests and specialties within the broad pro 
fessional and scientific fields. In final 
form this checklist consisted of a new 
combination of features from a number 
of breakdowns, including forms used by 
the Human Resources Section of the Re- 
search and Development Board, based in 
turn on older material used in compila- 
tions for “American Men of Science,” 
and on the classifications adopted by the 
Engineering Index. 

The Committee was aware of the many 
shortcomings of the questionnaire proc- 
ess, but no adequate alternative seemed 
possible to meet the pressing time sched 
ule recommended by the Research and 
Development Board. Obviously, replies 
from colleges in their own words empha 
sizing individual problems and sugges 
tions would provide more worthwhile 
data than the cold statistical process 
adopted. But the Committee was unani 
mous in agreeing that such a desirable 
procedure was not practical. 

The questionnaire form finally adopted 
was mailed early in February, 1951, to 
990 colleges and universities throughout 
the United States, including all four-year 
educational institutions presumably of- 
fering courses in scientific or engineering 
fields (as listed in the Higher Education 
Section of the Education Directory, pub 
lished by the U. S. Office of Education). 
By May 1, when the inventory was de- 
elared completed, replies from 747 edu- 
cational institutions were on file. Of 
these, 525 reported personnel available 
for research in one or more of the physi- 
eal or engineering sciences. An informal 
review of the list of institutions from 
which no inventory or acknowledgment 
was received suggests to the Committee 
that substantially all of the national po- 
tential for research in the areas covered 
by this project is reported. 


1. Personnel 


To determine the numbers of scientists 
and engineers in colleges and universities 
—and particularly those available to in- 
crease the nation’s research and develop- 
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TABLE I 
SuMMARY OF PERSONNEL REPORTED IN SCIENTIFIC AND ENGINEERING FIELDS 
Number 

Number of Re- Number | Number 
Total Number of Full- search | of Grad- | of Full- 
Number of (A) Number | time Re- | Workers | uate Stu- | time Re- 

of Faculty; Consid- of (A) search in (D) | dents and| search 
and Full- jered Qual-| now En- | Workers | now En- Assist- Workers 
time Re- | ified to gaged in | to which | gaged in | ants now | to which 

search do Re- | Research (C) is Research | Engaged (FP) is 

Personnel] search Equiv- for Na- in Re- Equiv- 

alent tional search alent 

Defense 
A B iy D E F G 

Aeronautical Engineering 597 437 289.7 236.8 566 284.2 
Astronomy 246.8 159.8 105.3 39.5 225 130.1 

Ceramics 200 156 108.8 42 215 122 
Chemical Engineering 701.5 564 279.8 99.4 1,699 807.4 
Chemistry 3,319.5 2,435.7 1,316.1 506.2 6,949 3,468.4 
Civil and Sanitary Engineering 1,429 654 313.6 112.1 936 443.1 
Earth Sciences 1,322 964.2 452.4 172 2,086 861.5 
Electrical Engineering 1,237.5 601.5 288.1 219.1 1,125 456.5 
Electronics 1,032 625.6 387.2 313.8 1,107 557.8 
Food Technology 634 420 272.6 52.6 692 346.7 
Industrial Engineering 421 173.5 anal 14.1 352 108.9 
Marine Engineering 71 35 17.7 12.5 24.2 13.9 
Mathematics ¢ 2,261.8 1,167.3 570 209.3 1,496 640.7 
Mechanical Engineering ,00% 1,660.5 716 327.1 150.5 1,119.5 434.5 
Mechanics 96: 820.5 424.7 213.3 119.3 557.2 244.6 
Metallurgical Engineering , 458.5 349.2 187.6 131.7 757 387.7 

Mining Engineering 3: 128.5 82 44.4 11 129 50 
Petroleum and Fuels Engineering 209 195 112 72.7 12.5 197.2 81.7 
-*hysics 2,628.4 2,271.9 1,546 866.6 609.3 3,392 1,562.1 

Psychology and Human Resources 2,432.4 2,029.2 1,242 554.7 227.1 3,161.5 1,141 
Totals 24,881 21,037.2 | 12,865.5 | 6,744.8 3,290.8 | 24,785.6 | 12,142.8 


























ment activities by undertaking new re- 
sponsibilities at their own institutions— 
the Committee asked each institution 
seven questions in each field of science 
and engineering represented in the in- 
ventory: 


A. How many faculty members and 
full-time research personnel of equivalent 
rank are now active? 

B. How many of these are considered 
qualified to participate in research proj- 
ects? 

C. Of these, how many are now active, 
full- or part-time, in research? 

D. To the work of how many full-time 
research workers (35-40 hours per week) 
is this activity equivalent? 

E. Of this “equivalent number” of re- 
search workers, how many are now en- 
gaged in research for national defense? 

F. How many instructors, graduate 


students, and teaching and research as- 
sistants are engaged full- or part-time in 
the department or field? 

G. To the work of how many full-time 


research workers similarly trained (35-40 
hours per week) is this activity equiva- 
lent? 


The answers to these questions, tabu- 
lated in Table I by the various fields of 
engineering and science covered in the 
project, provide an inventory of about 
25,000 faeulty members and senior re- 
search workers, and 27,000 graduate stu- 
dents, instructors, and junior research 
workers. The total of these, 52,000, is a 
little above but substantially in agree- 
ment with the estimate for university 
scientists in 1951-52 contained in the 
Steelman report (based on an analysis 
of the National Roster of Scientifie and 
Specialized Personnel in 1947), allowing 
for the numbers of scientists and research 
workers in fields not covered by this ques- 
tionnaire.* 


4‘*Manpower for Research,’’ volume IV 
of Science and Public Policy, report by the 
President’s Scientific Research Board, U. 8. 
Government Printing Office, 1947, page 31. 
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The totals in Table I show that more 
than 20,000 faculty members are consid- 
ered by their institutions to be qualified 
to perform research, but only 12,700 are 
active in research. Thus 8,000 faculty 
members considered qualified to perform 
research are not now doing so. 

An average of 27% of the time of the 
faculty members reported in this inven- 
tory is spent on research activities, and 
19% of this research time is already de- 
voted to defense research. 

Putting these figures in another way: 
Of the 25,000 faculty members reported, 
one-half are active in research; these 
spend about one-half of their time in re- 
search, and one-half of this time in turn 
is devoted to military research. This 
means that one-eighth of the total college 
effort in these fields is devoted to military 
research. 

This military research activity is the 
equivalent of the work of a full-time force 
of 3300 senior research scientists and en- 
gineers—a very considerable strength in 
the service of the nation and a very re 
assuring evidence of scientific and engi- 
neering resources. Yet 8000 more faculty 
members not now active in research may 


TABLE II 
PERCENTAGE OF SENIOR STAFF RESEARCH 
TIME Devoted TO DEFENSE RESEARCH 


Aeronautical Engineering 82% 
Electronics 81 
Electrical Engineering 76 
Marine Engineering 71 
Metallurgical Engineering 70 
Physies 70 
Mechanies 56 
Mechanical Engineering $7.5 
Psychology and Human Resources 1] 
Ceramics 39 
Chemistry 38 
Earth Sciences 38 
Astronomy 37 
Mathematics 37 
Chemical Engineering 36 
Civil and Sanitary Engineering 36 
Mining Engineering 25 
Food Technology 19 
Industrial Engineering 18 
Petroleum and Fuels Engineering 17 


79> 
/ 
TABLE III 
PERCENTAGE OF SENIOR FacuLty CoNSID 
ERED QUALIFIED WHO ARE Now 
ENGAGED IN RESEARCH 
Chemical Engineering 81% 
Ceramics 78 
Metallurgical Engineering 76 
Aeronautical Engineering 73 
Chemistry 73 
Earth Sciences 73 
Physies 68 
Food Technology 66 
Astronomy 65 
Mining Engineering 64 
Psychology and Human Resources 61.5 
Eleetronies 60.5 
Petroleum and Fuels Engineering 57.5 
Mechanics 52 
Mathematics 51.5 
Marine Engineering 49 
Electrical Engineering 48.5 
Civil and Sanitary Engineering 46 
Mechanical Engineering 43 
Industrial Engineering $1 


still add their contribution to this work- 
ing force. If this can be done, and they 
become active in research on a quarter- 
time basis, the equivalent of 2000 more 
full-time research scientists is added to 
our research foree. Our defense research 
in colleges and universities could thus be 
increased by more than 60%, with no de- 
crease from the present level of the non- 
defense research effort. A quarter-time 
research assignment presumably does not 
interfere with teaching responsibilities 
and, in fact, might greatly improve the 
professional work of most teachers. 

The inventory’s statistics show the varia 
tions in these relationships between the 
various physical and engineering sciences 
represented. Table If shows, for exam- 
ple, that defense demands are now ab- 
sorbing 82% of college and university re- 
search work in aeronautical engineering; 
yet in Table III are figures showing that 
only 73% of those faculty members 
deemed qualified to perform research in 
this field are now active. Table IV gives 
confirmation of one characteristic of aca- 
demie work in various fields which is well 
known in less quantitative terms: 77% 
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of chemical engineering teachers are ac- 
tive in research, contrasted to less than 
40% in mathematics, mechanical engi- 
neering, and civil and sanitary engineer- 
ing. 

A comparison of the senior faculty and 
graduate student time on research shows 
that, on an average, each senior member 
directs the work of two assistants. Ap- 
parently one way of increasing the na- 
tion’s research potential immediately— 
and more particularly in the future—is 
to find means of increasing this ratio. 

The figures in Table V show the fields 
of greatest defense research endeavor in 
colleges and universities. One-fifth of the 
college research effort is in the field of 
physics; one-third is in the fields of phys- 
ics and chemistry; and nearly one-half is 
in the three areas of physics, chemistry, 
and electronics. Add to these fields the 
defense research work in aeronautical 
and electrical engineering and that in 
mathematics and the earth sciences, and 
more than three-fourths of the total de- 
fense effort in colleges is represented. 
Chemical engineering, food technology, 
ceramics, astronomy, industrial engineer- 
ing, Marine engineering, petroleum and 


TABLE IV 


PERCENTAGE OF SENIOR FacuLtTy MEMBERS 
ACTIVE IN RESEARCH 


Chemical Engineering 77% 
Ceramics 72.3 
Metallurgical Engineering 71.5 
Aeronautical Engineering 67 
Earth Sciences 67 
Chemistry 63 
Mining Engineering 61 
Physics 59 
Astronomy 57 
Food Technology 55.5 
Petroleum and Fuels Engineering 53.5 
Electronics 52 
Psychology and Human Resources 51 
Marine Engineering 45 
Mechanics 44 
Electrical Engineering 40 
Civil and Sanitary Engineering 38 
Mechanical Engineering 36 
Mathematics 35.5 
Industrial Engineering 32 


TABLE V 
MILITARY RESEARCH IN ENGINEERING AND 
SCIENCE IN COLLEGES AND UNIVERSITIES 


Total 
“Equivalent” 
Full-time Per Cent 
Defense of Total 
Research College 
Workersin Defense 
Colleges Research 





Physics 609.3 19.85% 
Chemistry 506.2 16.6 
Electronics 313.8 10.2 
Aeronautical Engineering 236.8 7.74 
Electrical Engineering 219.1 7.15 
Mathematics 209.3 6.82 
Earth Sciences 72 5.6 
Mechanical Engineering 150.5 4.9 
Metallurgical Engineering 131.7 4.3 
Mechanies 119.3 3.88 
Civil and Sanitary Engi- 

neering 112.1 3.66 
Chemical Engineering 99.4 3.25 
Food Technology 52.6 1.73 
Ceramics 2 1,37 
Astronomy 39.5 1.27 
Industrial Engineering 14.1 5 
Marine Engineering 12.5 
Petroleum and Fuels En- 

gineering 2.5 425 
Mining Engineering 11 36 


Totals 3063.7 100 











fuels engineering, and mining engineering 
together account for less than 10%. This 
is convineing evidence that colleges and 
universities are maintaining emphasis on 
the fundamental sciences. The Commit- 
tee is certain that educational institutions 
must continue to resist temptations to 
undertake extensive assignments in ap- 
plied research and development. 


2. Research Specialties 


The complete report on University Re- 
search Potential shows in detail the spe- 
cialties within the engineering and physi- 
eal sciences in which each participating 
college reported one or more faculty 
members with interests and qualifications. 
The number of schools reporting interest 
and qualification in each of the special 
research fields is shown in Table VI. The 
Committee points out that there is no 
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correlation between the num- 


necessary 
ber of schools indicating interest in a 
specialty and the total number of indi- 
viduals available for research in that field. 
Rather, these numbers of schools may be 


more characteristic of the breakdowns 
adopted in the questionnaire than of any 
fundamental character of the demand for 
research in each specialty. 


TABLE VI 


NUMBER OF COLLEGES REPORTING INTEREST 
OR COMPETENCE IN SPECIAL FIELDS 


Aeronautical Engineering 


Aerodynamics 89 
Aeroelasticity 38 
Aeronautical structures 53 
Aireraft design 48 
Aircraft instruments and flight con- 
trol 32 
Aireraft internal combustion engines 47 
Aircraft materials 32 
Aireraft navigation 20 
Aircraft parts and accessories 20 
Aircraft rocket, jet and turbine en- 
gines 45 
Airport engineering 52 
Air transportation 12 
Airways and flight patterns 3 
Automatic control systems 23 
Guided missiles engineering 39 
Hypersonic engineering 19 
Supersonic engineering 43 
Transoni¢e engineering 23 


Astronomy 


Astronomical bodies 38 
Astrophysies 70 
Bolometry 8 
Celestial mechanics 39 
Celestial navigation 54 
Light measuring devices 47 
Photographic techniques and equip- 
ment 42 
Radiometers 8 
Solar radiation 25 
Spectroscopic instruments 40 
Telescopes and optical instruments 46 


Ceramics and Glass 


Abrasive materials 12 
Cements and lime 24 
Ceramets 26 
Chemical stoneware 12 
Domestic and structural whitewares 


and pottery 25 
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TABLE VI—Continued 


Enamels and coatings 

Glass 

Heavy clay structural products 
Industrial whitewares 
Processing equipment and plant de 


sign 
Raw materials and processing 
Refractories and high temperature 
materials 


Chemical Engineering 


Absorption and adsorption 

Chemical reactions and equilibria 

Electrical separation 

Extraction and solvent recovery 

Heat transmission 

High pressure processes and catalysis 

Mass transfer 

Materials handling 

Measurement and control of 
variables 

Mechanical separation 

Phase change separation 

Pilot plant construction and opera 
tion 

Sonic and ultrasonic vibrations 


process 


Chemistry 


Analytical chemistry methods 
Atomie and nuclear structures 
Biochemistry 

Chemical reactions and equilibria 
Chemical thermodynamics 
Colloidal chemistry 
Electrochemistry 

Inorganic chemistry 

Kinetics 

Organic chemistry 

Physical chemistry 
Radiochemistry and tracer methods 
Subjects of specialized research: 
Agricultural chemistry 

Alkalies 

Cellulose and wood 

Chemical warfare 

Detergents and soap 

Explosives 

Fats, oils and waxes 
Fermentation 


Fertilizers 

Forest products 

Germicides, insecticides and fungus 
control 


Heavy chemicals 
Industrial wastes 
Paints, varnishes and colors 


58 
4] 
67 
79 


21 


313 

48 
171 
180 
151 
118 
130 
246 
132 
385 
320 


115 


62 

8 
38 
45 

3 
46 
54 
31 


29 
ve 


18 


53 
13 
92 


38 
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TABLE VI—Continued 


Pharmaceutical chemistry 


Photochemistry and chemistry of 


photography 
Rubber and related polymers 
Synthetie resins, fibers and plastics 
Textiles 
Water and sanitary chemistry 


Civil and Sanitary Engineering 

Cartography and photogrammetry 

Construction engineering 

Highway and traffic engineering 

Hydraulic engineering 

Hydrographic and reclamation engi- 
neering 

Materials testing and research 

Paving materials engineering 

Railway engineering 

Sanitary engineering and public 
health 

Snow mechanics and permafrost 

Soil mechanics and foundation engi- 
neering 

Structural analysis and design 

Surveying and mapping 

Water supply engineering 


Earth Sciences 

Climatology 

Crystallography 

Dynamic and physical meteorology 

Economie geology 

Geochemistry 

Geodesy 

Geography 

Geophysics 

Historical geology 

Hydrology 

Meteorological instruments and meas- 
urements 

Mineralogy 

Oceanography 

Petrology 

Prospecting and ore analysis 

Radar meteorology 

Seismology 

Structural geology 

Surficial geology 

Synoptic meteorology 

Terrestrial magnetism 

Upper atmosphere research 

Electrical Engineering 

Computing machines 

Dielectrics and electrical insulation 

Electrical control 


47 
54 
60 


25 
64 


133 


125 
147 
124 


A 4 


120 
84 
58 

175 
46 
19 


67 
157 
68 


69 
142 
35 
139 

70 

12 

39 
156 
130 


81 
51 


116 


TABLE VI—Continued 

Electrical heating 
Electrical machinery and equipment 
Electrical power generation 
Electrical power transmission and dis- 

tribution 
Facsimile and wirephoto 
High voltage research 
Illuminating engineering 
Magnetic materials and measurements 
Network theory 
Servomechanisms 
Telephone, telegraph, and teletype 


Electronics 


Antennas and wave propagation 
Communication theory 
Components 

Countermeasures 
Electro-acoustics 
Electromagnetic waves 
Electronic circuits and theory 
Electronic computers 

Electronic control equipment 
Electron theory 

Electron tubes 

Microwave circuits 

Miniature and printed circuits 
Navigation aids and direction finding 
Radar 

Radio communication 

Radio interference 

Radiosonde 

Speech security and scrambling 
Television 


Food Technology 


Bacteriology and microbiology 

Environmental food factors 

Food canning, packaging and pre- 
serving 

Food stability and spoilage 

Nutrition 

Production, storage and handling of 
raw foods 


Industrial Engineering 


Fire protection 

Manufacturing analysis 

Mass production and standardization 
Materials handling equipment 
Occupational diseases 

Plant layout and equipment 
Production control 

Safety engineering 

Training devices 

Work simplification 


99 
10 
41 
56 
54 
103 
101 


9¢ 
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106 
133 
62 
24 
61 
86 
201 
54 
125 
108 
114 
101 
19 
4] 
97 
147 
57 
20 
be 


50 


129 
52 
80 
60 

120 


24 
73 
59 
56 
11 
100 
93 
56 
51 
83 
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TABLE VI—Continued TABLE VI—Continued 
Marine Engineering Theoretical mechanics 95 
Cargo handling and stowage 8 Theory of limit design 43 
Marine safety equipment 7 Metallurgical Engineering 
Navigation 1] : ? ; _ 
Ports, harbors and port facilities 28 eee eee : pe 
Ship semaksuction 19 High-temperature materials 36 
Ship design and structures 16 Metallurgical analysis ” 
Ship propulsion 16 Physical metalluroy: 
Warships 6 Fabrication and finishing 38 
Water transportation 9 Ferrous alloys 75 
Foundry 56 
Mathematics Light metals and alloys 64 
Actuarial science 68 Metallography 96 
Algebras 248 Non-ferrous alloys 2 
Analysis 257 Powder metallurgy 39 
Caleulus of variations 121 Theory of metals 61 
Cryptanalysis 2 Welding 54 
Differential equations 239 Process metalluraqy: 
Geometry 209 : 29 
‘i : wap Electrometallurgy 33 
Nomography 67 3 . 29 
: ; Ferrous 33 
Operations research 41 Hydrometallurgy 24 
Probability 144 . Sane ae 92 
Pa . 1Ke Non-ferrous chemical — 
Statistics 99 Sew-ferrous pyre - 
‘ 220 
Tensor caleulus 34 Mining Engineering 
Mechanical Engineering a exploration and development: of 
: : P Surface a 
7 Automotive engineering ne 75 Underground 24 
Gyroscopes and gyroscopic instru- Mine operation and engineering 27 
eee eer ' , 24 Mineral preparation and processing 31 
eating, ventilating and air condi- Mine safety and ventilation 20 
toning 134 Non-metallic minerals and quarries 17 
Industrial furnaces 22 
Internal combustion engines 32 Petroleum and Fuels Engineering 
Jet and gas turbine engines 61 Coal and solid fuels 38 
Lubrication and friction 62 Combustion reactions 4] 
Machinery and machine design 120 Fuel processing and utilization 29 
Machine tool engineering 63 Gaseous fuels 36 
Mechanical control systems 37 Liquid fuels 50 
Mechanical properties of materials 75 Lubricants 36 
Power and steam generation and use 97 Oil field management 31 
Refrigeration 93 Petroleum by-products and derivatives 29 
Stress analysis and photoelasticity 84 Petroleum production engineering 33 
i Textile machinery 9 Petroleum refining 32 
i Thermodynamics, heat and heat Petroleum storage and handling 15 
transfer 128 Rocket fuels 18 
Tropical and low-temperature testing 23 Synthetic fuels and lubricants 22 
Mechanics Physics 
Dynamics 134 Ballistics 36 
Dynamics of earth action 25 Biophysics 39 
Elasticity and plasticity 105 Cryogenics 36 
Mechanies of fluids 116 Electricity and magnetism 243 
Mechanies of vibrations 100 Electromagnetie waves 104 
Statics 142 Heat and thermodynamics 119 
Strength of materials 144 High-energy particles and cosmic rays 70 
| 











TABLE VI—Continued 


Mechanics 119 
Molecular and atomic physics 124 
Neutron. physics 51 
Nuclear physics 157 
Photography 79 
Radiation and optics: 
Infrared methods and applications 63 
Physical optics 135 
Physiological optics 11 
Photoelectric phenomena 82 
Spectroscopy 168 
Ultraviolet methods and applications 48 
Visible radiation 48 
Radioactivity and isotopes cay 
Solid state physics 75 
Sound and acoustics 94 
Theoretical physics 143 
Ultrasonics 44 
Underwater sound 43 
X-rays 99 
Psychology and Human Resources 
Abnormal psychology 169 
Aviation psychology 59 
Clinieal psychology, guidance and 
counseling 278 
Comparative and animal psychology 99 
Development psychology 127 
Differential psychology 99 
Educational psychology 231 
Human engineering 97 
Industrial psychology 137 
Personnel training 136 
Personnel utilization 98 
Physiological psychology 99 
Psychological warfare 31 
Psychometrics 191 


Receptive and perceptual processes 115 
Social psychology, propaganda and 
publie opinion 174 


3. Facilities 


Though this inventory of research re- 
sources included both personnel and fa- 
cilities, its emphasis was obviously on the 
number and qualifications of the person- 
nel in colleges and universities. Man- 


power is clearly the limiting factor in 
most of today’s research and development 
needs; if manpower is available, neces- 
sary equipment to implement research 
can probably be supplied. 

The sole aim of the section of this in- 
ventory dealing with equipment was to 
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provide a general impression of facili- 
ties at any given institution—an impres- 
sion possibly useful in evaluating the ex- 
perience of that institution in scientific 
research. The Committee also hoped to 
develop a list of colleges and universities 
with unusual equipment, sufficiently large 
and complex so that its availability at a 
specified school is an important factor in 
the location of research there. The Com- 
mittee feels confident that the inventory 
of equipment and facilities developed as 
a part of this project will be a useful 
guide in specific instances; but absence 
of listed equipment should not be con- 
strued as lack of facilities and research 
experience in a given field. Therefore, 
the data reported is not the kind from 
which generalizations can be drawn. 


Concentration of Research 


The tendency to concentrate responsi- 
bility for federal research in a limited 
number of institutions is a very natural 
one—but one which has unfortunate im- 
plications, of different sorts, both for the 
schools involved and for those not se- 
lected. An appropriate amount of re- 
search may be most beneficial to the edu- 
cational processes in a college or univer- 
sity; but over-emphasis on research may 
impose responsibilities encroaching on ef- 
fective teaching. 

An analysis of the University Research 
Potential inventory shows a high concen- 
tration of defense research projects in a 
few educational institutions: fifteen col- 
leges and universities account for one- 
half of the total faculty time spent 
throughout the United States on defense 
research, while these same institutions ac- 
count for only 20.5% of the faeulty and 
senior research staff members.® 


5 Eleven schools account for 50% of the 
federal research and development expendi- 
tures in universities over the past three- 
year period, and 65 schools account for 90% 
of the contracts, according to Research and 
Development Board figures. The difference 
between these Research and Development 
Board statistics and those developed in the 
present inventory apparently derives from 
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In these 15 “favored” schools, 75% of 
the faculty are active in researeh, and 
70% of their research time is devoted to 
defense research. At least 85% of those 
faculty members considered qualified for 
research are active in it. 
of these figures shows that one-third of 
the effort in these 15 schools is devoted to 
defense research, compared to one-eighth 
in the average of all schools. 

The 510 edueational institutions re- 
sponsible for the other 50% of the de- 
fense research time reported in this in- 
ventory have nearly 80% of the faculty 
members and 66% of the graduate stu- 
dents recorded. In these schools, an av- 
erage of 45% of the faculty members are 
active in research, but only 38% of their 
research time is,devoted to defense ac- 
tivities. Only 55% of those considered 
qualified are active in research. 
to summarize, in the case of this large 


A combination 


Again 


number of institutions: only one-twelfth 
of the total faculty effort is in defense 
research, contrasted to the one-third fig- 
ure found above for the “big 15.” These 
results are open to two interpretations: 
either the great number of educational 
institutions are not undertaking their 
proper share of defense research respon- 
sibilities, or the larger schools are over- 
emphasizing defense research at the ex- 
pense of educational activities. 

The character of this research concen- 
tration is still more clearly shown in an 
analysis of the research at a group of 
typical highly-endowed, small liberal arts 
colleges. In these schools 60% of those 
considered qualified are active in research, 
50% of the total faculty has research un- 
derway, but less than 20% of the research 
time is devoted to defense research. To 
summarize again, in this case only one- 
thirty-second of the total faculty effort is 
in defense research. (This figure applies 
equally well to women’s, men’s and co- 
educational colleges in this total group.) 


the fact that substantial full-time research 
staffs involved in large-scale defense re- 
search projects are not reflected here. 
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Conclusions 


Modern research and development may 
make unusual demands on those who un- 
dertake it, in terms both of equipment 
and personnel. The increasing com- 
plexity of all scientific researeh—and of 
its applications in the military arts—is 
well known. Yet there remain a large 
number of defense research needs, even 
those lying outside the range of funda- 
mental research in its narrowest defini- 
tion, which ean readily be provided in 
packages suitable for the small college 
laboratory. It is in such laboratories 
that the greatest potential for increasing 
our national research and development 
effort lies, and the Committee is certain 
that the inereasing demand for federal 
research must involve a more complete 
utilization of these units. 

Another way in which the tremendous 
deficit in defense research may be aided, 
not only immediately but with important 
implications for the future, is by increas- 
ing the ratio of graduate students to full- 
time senior faculty and staff on research 
projects in colleges and universities where 
graduate education is underway. Depart- 
ment of Defense research administrators 
should reeognize and encourage con- 
tractually the participation of graduate 
students in their projects. Such activi- 
ties are an important continuing source 
of the senior scientists of the future— 
and also have an immediate utility in 
getting the job done now. Shortsighted 
policies in the calling of young scientists 
for military service can defeat these vital 
objectives. 

Industrial research needs are also grave 
today, and many of the implications 
which this report may have for defense 
research apply as well to investigations 
meeting the needs of technical industries. 

Copies of the full report on University 
fesearch Potential, giving full information 
on all individual institutions ineluded in 
this national inventory may be obtained from 
the Secretary of the Engineering College Re- 
search Council at Room 7-204, 77 Massa- 
chusetts Avenue, Cambridge 39, Massa- 
chusetts, for $1.00 each. 











Relations Between Nuclear and Electrical 
Engineering * 


By DR. ERNST WEBER 


Head of Department of Electrical Engineering, Polytechnic Institute of Brooklyn, 


This might be a rather ill-timed attempt 
to talk about educational problems in con- 
nection with prospects for peace-time ap- 
plications of nuclear power. However, 
the government is spending enormous 
sums of our money in about eight national 
and industrial laboratories already set up 
for the systematic development of nuclear 
power plants, so that it would still seem 
appropriate to explore the services that 
electrical engineering can perform, and to 
evaluate whether we might not render 
better service by planning curricula in 
nuclear engineering. 

It seems clear that electrical engineers 
contribute significantly to the progress of 
the atomic power development. Of the 
over 4000 engineers associated with the 
technical research and development phases 
of the atomic energy program as of June 
19501 roughly 900 were electrical engi- 
neers, being second only to the chemical 
engineers, who numbered approximately 
1400, or about one-third of the total. 


Nuclear Engineering 


A seemingly simple definition of nuclear 
engineering as stated by Mr. Luntz, the 
* Presented before Section M on Engineer- 
ing at the Annual Meeting of the American 
Association for the Advancement of Science, 
December 26, 1950, Cleveland, Ohio. 

1 Philip N. Powers: ‘‘Engineers for the 
Atomic Energy Industry,’’ paper delivered 
June 22, 1950 before ASEE Annual Meet- 
ing, Seattle, Washington. 


editor of Nucleonics,’ is “design, construc- 
tion, and operation of nuclear reactors.” 
This appears also to be the scope accepted 
by Dr. L. B. Borst, the chairman of the 
Reactor Science and Engineering Depart- 
ment of the Brookhaven National Lab- 
oratory.® 

Granted that nuclear reactors could be 
rather important units in themselves if we 
were at the point where design, construc- 
tion and operation were a reasonably fre- 
quent requirement, could not any number 
of analogous kinds of engineering be 
similarly defined? One could at once 
think of Water Power Engineering, Rail- 
road Engineering, Draw Bridge Engineer- 
ing, ete., all of which recognize the distinct 
phases of design, construction and opera- 
tion. 

Tendencies towards such specialization 
have frequently existed and have induced 
attempts to formulate distinct curricula 
for each one of these and many more kinds 
of engineering. But, is it desirable, or 
indeed advisable, to let our engineering 
curricula degenerate into the training of 
technicians for a specific and narrow field? 
Should we not rather consider this special- 
ization as the unavoidable byproduct of 
acquiring “experience” in a field? 

Not long ago, any problem contaminated 


2J. D. Luntz: ‘‘Edueation in Atomic 
Energy,’’ Nucleonics, 7, No. 1, p. 3, July 
1950. 

3L. B. Borst: ‘‘Opportunities for Engi- 
neers in the Field of Nuclear Engineering,’’ 
Jl. Engg. Educ., 40, pp. 424-428, April, 1950. 
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with the adjective “nuclear” made it at 
once mysterious and placed it practically 
outside the conventional engineering think- 
ing. Upon reflection, it should be quite 
clear that the design, construction and 
operation of any physical system still must 
follow the same basie engineering princi- 
ples which we are endeavoring to convey to 
our students. This was very well expressed 
recently by Dr. W. E. Kelley, the manager 
of the New York Operations Office of the 
A. E. C.4 “Engineering today is ad- 
mittedly more complicated than ever be- 
fore but it is still based upon sound and 
thorough understanding and application 
of well-known engineering principles, the 
kinds of things we learn in the first few 
pages of the engineer’s handbook.” 

Fortunately, after an upsurge of sug- 
gestions to rush into new curricula on 
“nuclear engineering,” it has been fairly 
well agreed now that it might be too early 
for any serious consideration of such a 
radical step. Indeed, a special committee 
of the American Society for Engineering 
Education was set up early in 1950 to 
study the “Implications of Atomic Energy 
for Engineering Curricula” and to pre- 
pare a preliminary report on its findings 
as guidance for engineering schools which 
might be pondering the curriculum prob- 
lem. 

Training Specialization versus 
Broader Basic 

It is, of course, true that the attempts to 
construct nuclear reactors led into many 
new problems of engineering design, such 
as purification of the prime fuel, the 
uranium, a proper subject for chemical 
engineers; or the design of high pressure 
pumps which have to handle highly cor- 
rosive fluids under conditions where little 
servicing can be allowed, a challenge to 
mechanical engineers (including metal- 
lurgical engineers); or the treatment and 
disposal of radioactive waste liquors, a 
problem with which the civil engineers and 
particularly the sanitary engineers need to 

4W. E. Kelley: ‘‘Engineering in the 
Atomie Age,’’ Nucleonics, 7, No. 1, pp. 5-8, 
July 1950. 


grapple. But these are in fact all old 
themes appearing in new variations, they 
are problems for which the progressive 
engineer, who keeps on growing in his field 
of study and practice, will find the answer. 

How ean the progressive engineer de- 
velop to be useful in nuclear engineering? 
How ean we prepare him best for this 
later growth? One way is obviously to 
modify the conventional curriculum in the 
direction of nuclear science and related 
subjects and to brew a new variety with 


the label of nuclear engineering. The 
other way is to prepare the student 


throughout his study in a manner that he 
ean change his field without having to 
start an entirely new professional life; 
this requires also changes in the conven- 
tional curriculum, but of a different kind. 

The choice is then between more special- 
ization and broader basie study. 

Specialization is extremely valuable in 
industrial organizations where ready an- 
swers represent direct savings; or in the 
complex business of law and government 
where so much is decided by precedent. 
But specialization means almost auto- 
matically a certain narrowness, a loss of 
contact with the greater world of ideas, 
of factual relationships, which basically 
is necessary for real progress. Many of 
the major contributions in the sciences 
were made by men who related phenomena 
in seemingly unrelated fields! 


More Branches of Engineering? 


Should we deliberately introduce spe- 
cialization into engineering education be- 
yond the one imposed by the sheer limita- 
tions of the capacity of human brains? 
Have we not gone too far already in this 
direction by allowing the original four 
major stems, namely chemieal, civil, elee- 
trical and mechanical engineering, to split 
further and establish subdivisions within 
each of them? The four main stems have 
a rather natural origin and scope, to wit: 

Civil engineering, the oldest of the en- 
gineering arts, deals with structures for 
housing, transportation, and sanitation, 
i.e.. for the requirements of plain civil 





life; even the most primitive of social 
organizations practices civil engineering; 

Mechanical engineering, the second old- 
est branch, is the expression of inventive- 
ness of man to make life easier by creat- 
ing mechanical implements for all chores; 
here belong the early waterwheel, the 
steam engine and the most intricate gas 
turbine with their tremendous influence 
upon the more primitive ways of housing, 
transportation, and sanitation. Applieca- 
tion of such machines on a larger scale 
laid the first and modest basis for the 
industrial revolution ; 

Electrical engineering, a_ relatively 
young offspring of physics, has harnessed 
“electricity’—a non-fluid, a substance, if 
indeed it might be called one, which it is 
dangerous to collect, which is a myth to 
the layman, and which is friend to the ex- 
pert only through proper use of terminal 
posts!! This electrical engineering is 
probably the greatest single cause of 
modern industrial strife and the surest 
measure of luxury of a nation because it 
provides untold varieties of subtle stimula- 
tion of laziness. It provides probably the 
strongest spur for a completely material- 
istic view of life. 

Finally, chemical engineering, the 
youngest of the engineering arts, deals 
with industrial utilization of chemical 
processes, many of which had been known 
since the middle ages, such as preparation 
of aleohol for. various purposes, of glass 
and glazes, and others. In its modern 
version, with large scale reactors, its most 
attractive phases are the preparation of 
cosmetics, and its most deadly phase is the 
development of explosives up to the vari- 
ous “atomic” bombs. 

Unless man finds some entirely new 
substance or process, these four divisions 
seem to encompass all possible diversifica- 
tions of utilitarian activities. True, in 
some instances combinations of parts of 
two or three of these divisions are desir- 
able, but it is very questionable whether 
one must rush out to create a new kind of 
engineering, notwithstanding the ambi- 





tions of its protagonists. 
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Broader and More Basic Study 


Should we not draw the conclusion that 
we do not need more specialization but 
that we do need broader and more basic 
study? Should not the training be so that 
the engineering graduate will find it pos- 
sible to go into any new field, as it opens 
up during his life time? 

Engineering is ever dynamic, ever seek- 
ing new and more economic solutions to 
problems which in themselves are very old, 
indeed, such as housing, transportation, 
and sanitation. Thus, engineering educa- 
tion cannot rest satisfied with present 
knowledge and present practices, it can- 
not teach the past without projection into 
the future; indeed, engineering education 
must be for the future! If we need to 
explore the use of new materials in the 
design of an engine, a reactor, or what 
have you, we turn to the creative engineer 
who knows how to get the basie data 
needed for such a design and will earry 
through on the basis of this data, with well 
established generic principles. The real 
professional engineer must be able to see 
the kaleidoscopic, unending variety of spe- 
cial forms that any one natural law can 
assume, under the varying conditions of 
the dynamic technical world. 

Now it seems that so-called Nuclear En- 
gineering clearly demands a broad back- 
ground and training, more so perhaps 
than certain less active branches of engi- 


neering. In a recent paper in the Jovur- 
NAL OF ENGINEERING Epvucation,®? Dr. 


Borst enumerated several questions, now 
rampant, which presumably require en- 
tirely new approaches for their solution: 
“Can we breed fissionable material ?”— 
“What is to be done with atomic ashes 
that stay hot for centuries?”—“Can we 
build atomic powered airplanes?” Surely, 
these are perplexing questions at this 
point, and their answer might not come 
from any one kind of engineer, whatever 
his designation. But then, similar situa- 
tions have existed before, and we have had 


3L. B. Borst: ‘‘Opportunities in Nuclear 
Engineering,’’ Jl. Engg. Educ., 40, pp. 424- 
428, April 1950. 
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to revise the conception of every major 
stem of engineering, as new ideas arose, 
and new fields of application opened up. 

No amount of engineering training, 
however specialized or general, can gen- 
erate by itself ideas in the student’s mind. 
Engineering training can only lay a 
foundation upon which synthesis of new 
ideas can be initiated by the catalytic 
action of the bright mind; and if we need 
new ideas, we do indeed need the bright 
minds! The only manner in which we can 
help as teachers is to create as fertile a 
foundation as possible upon which the 
synthesis ean take place, and this is cer 
tainly not by specialization, by new cur 
ricula, by teaching more about less—it ean 
only be done sensibly by broad exposition 
of the fundamental laws, by recognizing 
the basie generic principles, from which 
springs the conception of the problem as 
a concomitant of its solution!! This is, 
indeed, the most typical aspect of engi 
neering as contrasted with all other pro- 
fessions: the conception of the problem in 
a form that spells its solution! 

It happens that we have in electrical en- 
gineering a perfect illustration of the 
wrong way of trying to improve upon cur- 
ricula. With the precipitous development 
of the radio engineering field, a consider- 
able number of engineering colleges started 
at once to create two options in electrical 
engineering: the traditional one for the 
power field, with practically no change of 
the good old set of courses, fossilized by 
practically 20 years of repetition; and a 
new one for the radio field, which wanted 
nothing of the heavy machinery courses. 

Well, only 10 years ago, preparations 
started for World War II, and one of the 
great new problems was “electronic con- 
trol,” such as control of turrets, of anti- 
aircraft guns, of radar tracking devices, 
of homing torpedoes and so on. A vast 
new field opened, which required—as if 
by design—the most intimate combination 
of power engineering and of electronic 
engineering. Neither the old-fashioned 
power engineer, nor the newly-born radio 
engineer, was equipped to tackle these new 
problems by themselves. The abler of 


283 


either class rushed to special courses to 
balance out the deficiencies created by a 
premature incision in the eurriculum, 
which disregarded the basie necessity of 
fundamental training in both fields in 
order to be reasonably prepared for any 
new developments, wherever they might 
come from! 

The that 
educational philosophy did provide for a 


schools have had a guiding 
reasonable adjustment to the new develop- 
ments. Actually, it is fairly well agreed 
latter that undergraduate 
curricula in electrical engineering should 


numong these 
have a maximum of common ground and 
that the first three vears of electrical engi- 
neering need not provide specialization. 
The fourth vear might provide optional 
courses In power, in control, and in com- 
munication, with strong advice to secure 
as broad a training as possible, because of 
the unpredictable changes in emphasis that 
might occur in years ahead. 

In the graduate schools of electrical en- 
there has noticeable 


vineering, been a 


divergence of objectives. Some schools 
consider the Master’s program as provid- 
ing for specialization with intensification 
ot study in a selected narrow field. Other 
schools, and fortunately a growing num- 
ber, make the Master’s 
basie one, leading to a eritical understand- 
ing of the fundamentals. These latter 
include required courses in 
mathematics and physics so as to permit a 
broader evaluation of the generic prin- 
ciples, and of their applications, and to 
emphasize the relatively small number of 
really basic experimental laws and_ ae- 
cepted hypotheses on which the whole 
structure of any theory rests. 

It should be obvious that the second al- 
ternative is by far the more suitable for 
advanced training of 
to be leaders in research and development, 
and pioneers in new fields of engineering 
endeavor. It is the latter group which 
permits, with relative ease, any adapta- 
tion to new combinations of the subject 
matter of 
branches. 

At the doctoral level, it is generally ac- 


program a very 


programs 


engineers, who are 


two or more engineering 








cepted that the thesis must be an original 
contribution to research; however, the 
course requirements are as diversified as 
the institutions giving the doctor’s degree. 
In our own ease, we practically prescribe 
a minor in physies, and a minor in math- 
ematies, which we feel to be necessary in 
order to assure the proper caliber of 
research work for the doctor’s degree. 


Training for Nuclear Engineering 


How is this all related to Nuclear Engi- 
neering? What need be done to the eur- 
riculum in electrical engineering to create 
a practical possibility for the training of 
men useful in nuclear engineering? Per- 
haps the answer to this broad question 
can be given best by way of illustrations. 

1. Take first the power aspect. The 
nuclear power plant as now projected ® 
will have the same component structures 
as any steam-electric power generating 
station, except that the fuel in the con- 
ventional boiler plant (either gas, oil or 
coal) is replaced by the excess heat of 
fission. This will, of course, require a 
number of special safeguards, dealing with 
the radioactive waste products to prevent 
the transmission of radioactivity into 
materials used in the boiler plant, and to 
protect against harmful levels of radia- 
tion by means of shields, ete. As far as 
the electrical power engineer is concerned, 
he needs to know about the “hot part” of 
the plant just as much as he is now learn- 
ing about the conventional boiler plant 
for the production of steam by coal, oil 
or gas; or about the hydraulic installa- 
tions in the case of hydro-electric plants. 
He does not need to be a nuclear scientist, 
nor does he need to really understand the 
process of fission, in order to appreciate 
the effects. 

On the other hand, if there be a nuclear 
engineer who can design and construct the 
nuclear reactor— and this might well be a 
good chemical engineer—he will certainly 


C. G. Suits: ‘‘Development of Useful 
Power from Nuclear Fission,’’ Electrical 
Engineering, 69, No. 6, pp. 523-528, June 


1950. 
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not be able to go much beyond the steam 
pipes connecting to the turbine, without 
losing confidence in his design ability! It 
takes the teamwork of the eleetrie power 
engineer, the engineer for the prime 
mover, and the engineer designing the 
primary energy source of whatever nature, 
in order to build a successfully operating, 
practical, power plant. 

To do his part well, the electrie power 
engineer can get now, in the graduate 
school in technical elective courses, the 
requisite knowledge with respect to prime 
movers and prime energy sources, as far 
as hydraulic power plants and conven- 
tional heat power plants are concerned. 
This means, then, that some of these 
graduate courses, like Thermodynamics, 
Heat Transfer, and Power Supply EKeo- 
nomics, should include examples for per- 
tinent nuclear reactor problems, and that 
elective courses such as Atomie Physies, 
Nucleonics, Radio-activity should be in- 
troduced for full graduate credit. 

2. For the detection and measurement 
of radio activity, many electronic devices 
have been developed, which belong to the 
field of “Nuclear Instrumentation” which, 
in turn, is part of the broader field of 
electronic instrumentation.® Perhaps most 
important are the instruments used for 
radiation protection,’ either direct per- 
sonnel instruments, or survey meters, or 
finally, monitors which act as warning 
devices. Next in importance are the great 
variety of laboratory meters, counters and 
recording instruments, some involving 
highly complicated and specialized elee- 
tronic circuits. 

The so-ealled eletronics engineer re- 
ceives in his under graduate years a great 
amount of basie training in the design of 
elementary circuits, such as simple am- 
plifiers, oscillators, detectors, and modulat- 
ors. The important aspects of instrumen- 
tation, however, requiring the integration 


6 W. E. Shoupp: ‘‘ Electronics in Nuclear 
Physics,’’ Proc. Inst. Radio Engineers, 36, 
pp. 1518-1526, Dee. 1948. 

7K. Z. Morgan: ‘Instrumentation in the 
Field of Health Physics,’’ Proc. Inst. of 
Radio Engineers, 37, pp. 74-82, Jan. 1949. 














NUCLEAR AND 
of the elements into systems, necessarily 
goes beyond the scope of the four-year 
program; they are taken up in several 
elective graduate courses, into which, of 
course, applications of nuclear instrumen 
tation can well be included. 

3. The dangerous intensities of radia- 
tion close to the observed physical phe 
nomena and chemical reactions, both in the 
experimental laboratory, as well as in the 
nuclear furnace, make it necessary to in 
stitute remote control in rather elaborate 
fashion. Again, the specific problems be 
long to the now well-established field of 
servomechanisms, or better, “feedback 
control systems.” Because of its general 
importance, and its basie relationship to 
electric power and electronics, attempts 
are being made to include an introductory 
course in the senior year as one of the 
technical options. Courses of more or less 
advanced type are practically standard in 
the graduate electrical engineering cur 
ricula, and hardly need modification to be 
of direct service to nuclear engineering. 
This covers also the observation of the 
physico-chemical interactions by applying 
stereoptic television so as to actually “see” 
phenomena, and yet be located outside the 
range of harmful radiation. 

Thus, the entire scope of graduate elee 
trical engineering training will eventually 
be related to the problems of nuclear 
service, 


engineering. To be of greatest 
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inclined to work 
in the field of nuclear problems, should 
take the opportunity of learning the prin- 


the electrical engineer, 


ciples of nuclear physics, without neces- 
sarily becoming a “nuclear engineer.” 
But the burden of this training must be 
on the graduate level, since it cannot be 
placed upon an undergraduate curriculum 
of four years. Even the extension of en 
gineering programs to five vears has rarely 
been used to give greater range of tech 
nical education; it is usually designed 
to add more of the general education in 
history, economies, languages and the like, 
in order to balance to the 


restore some 


edueational diet. 


Conclusion 


I strongly feel that if we give to the 
young bright people a solid foundation of 
fundamental knowledge in the under- 
graduate school, and impress the fact of 
the dynamic development in science and 
technology, we can rest assured that they 
will be able to braneh out into all the 
attractive and challenging new fields, with 
vigor and intelligent imagination. It is 
not necessary and, indeed, it might be 
harmful to stress specialization at too 
early a point in the educational program. 
In the end, progress in Engineering as 
well as in Science depends upon new ideas, 
and these germinate best in the rich soil 
of broad and fundamental knowledge. 








Agricultural Engineering Curriculum at the 
University of [linois* 


By E. W. 


LEHMANN 


Head, Department of Agricultural Engineering, University of Illinois 


The end point in any program of edu- 
cation is action. That is, the fundamental 
purpose is to get people to act prop- 
erly under all circumstances; do a 
better job; and be responsive to the 
needs of and to serve society. The pur- 
pose of a specialized engineering curriec- 
ulum is to get people to “perform” better 
within a particular field. To attain this 
objective in engineering, the individual 
must be interested, enthusiastic and in- 
formed, and also have a competence in 
technical training and skill within the 
field of specialization in which he expects 
to find employment. This statement 
should be considered an argument for 
the provision of options, and not a de- 
bate on the relative merits of the general 
curriculum and the option plan, both may 
be needed. 

We look to the home, the church, and 
the elementary and high schools to edu- 
cate people to live and to act properly. 
We also expect everyone to have some 
basic knowledge of mathematics, physies, 
social and life seiences and some ability 
to express himself clearly. In a large 
part, education will continue to be a re- 
sponsibility of the home, the church, and 
the elementary and schools. 
It should be recognized that many of our 
most progressive and successful citizens 
never went to college. 

Many students enter colleges of engi- 


* Presented before the Agricultural Engi- 
neering Division of the ASEE at the 59th 
Annual Meeting, Michigan State College, 
June 28, 1951. 


secondary 


neering, however, without a clear-cut 
purpose or an understanding of many 
life problems. They lack the disciplines 


which are essential to a well-trained engi- 


neer. Fortunately, most students who 
enter agricultural engineering have a 


reasonably good idea of what they want 
to do, and when they finish the sophomore 
vear, they know the branch of agricul- 
tural engineering for which they want to 
prepare. They recognize that there is as 
much difference between a job in the im- 
plement industry and a job in the farm 
structures field as there is between me- 
chanical engineering and civil engineer- 
ing. They recognize that the agricultural 
engineering “major” in either of these 
divisions provides the same basie techni- 
cal training with additional courses that 
better qualifies them for the work they 
want to do than if they followed the cur- 
riculum in either mechanical engineering 
or civil engineering. 


Early Problems 


The earlier graduates in agricultural 
engineering, many of whom went into 
college work, did not recognize the clearly 
defined divisions of agricultural engineer- 
ing. Many departments were small; 
some were one-man departments. This 
man had to develop and teach all branches 
of agricultural engineering. Under such 
circumstances, the need for a_ general 
training that cut across all branches of 
agricultural engineering can be easily 
understood. Courses in farm machinery 
and farm buildings dealt largely with ap- 
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plication, practical design and functional 
requirements, with little attention to re- 
search, theoretical design, and develop- 
ment. At that time, little or no attention 
was given to crop processing, rural elec- 
trification and soil conservation. 

The majority of the agricultural engi- 
neering graduates who went into industry 
during this early period were selected for 
positions where their knowledge of agri- 
eulture and a broad understanding of 
engineering were more essential than spe- 
cialized technical engineering training. 
This apparently remains true in certain 
work, but not where a high degree of 
engineering competence is required. 


Trends Toward Specialization 


Now agricultural engineering has be 
come much more highly specialized. In- 
dividuals who work in the college depart- 
ments make their contribution when they 
concentrate their attention on subject 
matter within a relatively limited area. 
This specialization more 
nearly to what has existed for some time 
in the older branches of engineering. 

It is evidenced in the technical sessions 
at the annual meetings of the American 
Society of Agricultural Engineers and by 
the demand for graduates with special 
training. At the technical agricultural 
engineering meetings, there are a few joint 
sessions which emphasize the relation- 
ships which exist between the different 
technical branches of agricultural engi- 
neering. For example, a good soil con- 
servation practice may require a change 
in machinery design. In advancing rural 
electrifiaction, the farm structures spe- 
cialist has the ability to plan buildings 
to make equipment installation and 
power application effective. 

We have men who are nationally ree- 
ognized in the farm structures field; 
the same is true of men in the farm ma- 
chinery field. These men would not pre- 
sume to be equally qualified in other 
fields as in their speciality. It is likewise 


corresponds 
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true of men in narrow fields of civil engi- 
neering and mechanical engineering. 
Only in recent has the farm 
machinery industry looked to the agri- 
cultural departments for 
men qualified as farm machinery design- 
ers. They want men who are definitely 
interested in this specifie area of work. 
We find that agricultural engineering 
students who expect to do engineering 
work want specialization. Moreover, we 
believe it is essential that thev have such 
specialization to be sufficiently competent 
to meet competition. The demand by em- 
ployers for men with specialized training 
comes not only from farm implement 
companies who want men to do farm 
machinery design, developing, testing, or 
research work but from other organiza- 
tions who also want men trained in spe- 
cialized lines. For example, in a recent 
contact with a representative of a fuel 
company, I was told they wanted to em- 
ploy a man trained in power and ma- 
chinery. This employer was not inter 
ested in a broad training covering the 
whole field of agricultural engineering. 
Likewise, the rural electrification super- 
viser of a large public utility company 
was looking for an agricultural engineer 
who had majored in farm structures. It 
seemed essential that he should have a 
farm structures man on his staff to solve 
problems involved in planning the instal 
lation of equipment to improve labor 
efficiency around the farmstead. A large 
manufacturer of tractors and earth mov- 
ing equipment recently selected two Iili- 


engineering graduates 


vears 


engineering 


nois agricultural 
whose major was in structures and soil 
and water engineering, in preference to 
two civil engineers. 

The student who completes the require 
ments for a B.S. degree in Agricultural 
Engineering under the option plan is 
better prepared for graduate work in the 
particular field in which he has majored. 
To be able to take the advanced graduate 
courses in design, it is essential that the 
necessary undergraduate prerequisites be 
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taken. Agricultural engineers who grad- 
uate at the University of Illinois are 
qualified to major not only in agricul- 
tural engineering but in either mechan- 
ical engineering or civil engineering, de- 
pending on the option completed. With 
these qualifications, they may proceed 
directly toward the Doctor of Philosophy 
degree in either of these areas of spe- 
cialization. 

We believe an agricultural engineer 
should be well trained in at least one 
phase of subject matter to adequately 
serve his company, his clients, or the 
public, and to meet effectively the com- 
petition of men graduating from other 
branches of engineering. 


Areas of Specialization 


It is generally recognized that agri- 
cultural engineering covers at least five 
divisions or areas of specialization. The 
four most common are: Farm power and 
machinery, farm structures and housing, 
soil and water engineering, and rural 
electrification. The fifth is crop process- 
ing. The latter is largely a mechanical 
operation, utilizing the basic principals 
of physics, thermodynamics, heat trans- 
fer, air flow, and power application. 

To be well trained in one field, the engi- 
neer should be qualified to do design in 
this field. If it is required that he have 
approximately equal training in all agri- 
cultural engineering subject matter divi- 
sions, it becomes impossible within a 4- 
vear period to take sufficient training to 
become thoroughly qualified to do design 
work in any one of them. At least, the 
student completeing the general curric- 
ulum cannot be expected to have equal 
or greater ability than the structural 
engineer who graduates in civil engineer- 
ing, or the machine designer who gradu- 
ates in mechanical engineering. 

The practice of providing options in 
other curricula is well established. In 


civil engineering, for example, there are 
construction, highway, hydraulic, railway, 





ENGINEERING AT ILLINOIS 


In elee- 
electric 
power engineering , communications and 


sanitary and structural options. 
trical engineering there are 
electronic engineering, and illumination 
engineering options. 

To meet the engineering needs of agri- 
culture, we have provided only two op- 
tions. Our reason is that two or more 
branches of agricultural engineering are 
so closely related, they require the same 
basie training, they can then be 
related and integrated into one program. 

First, let us consider the option of 
farm structures and soil and water con- 
servation. In both of these, basic train- 
ing in structural design and materials is 
essential and important. Civil engineers 
who take similar training are employed 
in the same fields, but they lack the agri- 
cultural training and the applied agri- 
cultural engineering courses. 

In the power and machinery option, 
the students have the same basic train- 
ing as is given to mechanical engineers 
and the same sequence of mechanical 
engineering design courses. To qualify 
them further for work in the tractor and 
implement industry, they are required to 
take courses in farm machinery design, 
farm power, and special problems. We 
are confident that the students who com- 
plete this option are better trained for 
the implement industry than are mechan- 
ical engineers. 


cor- 


H igh 


School Preparation 


A eurriculum is not static, but always 
dynamic; it should be and is subject to 
change. At the University of Illinois 
the curriculum is now in process of 
change to meet the present demands. 
High schools will assume a greater re- 
sponsibility for the training in mathe- 
matics. Community, state, national, and 
international problems require that we 
do something to provide more training in 
the humanities and social and life sci- 
ences. An effort is now being made to 
provide at least one broad educational 
course each semester. 
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AGRICULTURAL 
In agricultural engineering, we now 
have 14 semester hours required in the 
latter group. To attain the objective ot 
24 hours, which “eannot be attained” 
according to some engineering staff mem- 
bers, we must adjust our requirements 
in agricultural engineering to provide 
additional hours for and the 
general courses. This can be more easily 
done under the option plan. 

At present, the option plan permits the 
student not only to take the basic courses 
taken by all engineering students, and the 
essential basic courses in agriculture, but 
also a series or sequence of engineering 
design courses: (1) a series of 14 semes 
ter hours in civil engineering design, in 
conjunction with, or prerequisite to ad 
vanced work in farm structure, and soil 
and water engineering, or (2) a sequence 
of 14 hours of mechanical engineering 
in thermodynamics, mechanies of ma 
chines and machine design, along with 
the advanced farm power and machinery 
courses. 

In the 
two-thirds or 96 credit hours of the re- 
quired work in the agricultural engineer 
ing options is identical with the require- 
ments in civil engineering 01 
mechanical engineering. This includes 
approximately thirty hours of advanced 
engineering subjects in the junior and 
There are 48 hours of 
either option courses or electives in the 
fields of specialization. 


electives 


option plan, approximately 


either 


senior years. 


The basie agricultural courses include 


farm crops (four hours), soils (five 
hours), and farm management (three 


hours). These are a part of the training 
of an agricultural engineer in each of the 
options or specialized fields. 

To make clear the close adherence to 
basie engineering curricula, and yet show 
the agricultural engineering specializa 
tion, the following comparison of the 
farm structures and soil and water engi- 
neering option in agricultural engineering 
with the general option in civil engineer- 
ing is used as an illustration: 
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Hours CoMMON TO THE Two CURRICULA 





\gr l a ( 
I 
ie tn 
Freshman year identical 37 37 
Sophomore Physical Edu- 
cation and Military | } 
Sophomore Mathematics 8 Ss 
Physics 10 10 
Electrical Engineering 3 3 
Economics 5 3 
rheoretical and Applied 
Mechanics 13 13 
Identical Civil Engineer- 
ing Courses 18 18 
lotal 96 96 





Hours Not COMMON TO THE [Wo 
CURRICULA 
\gricu 2 Civil 
I king. 
eae aime 
Ho Hours 
Surveying 3 10 
"" 7eology 3 3 
Botany, Crops, Soils, and 

Farm Management 15 0 
Mechanical Power Equip- 

ment 0 3 
Introductory Agr. Eng. 

Courses 6 0 
Specialized Courses 15 18 
\pproved Electives 6 14 

Total 48 8 
Total Required for 
Graduation 144 144 


* Agricultural engineers are permitted to 
take either Agricultural or Engineering Geol- 
ogy. 

It should be recognized that with a 
“narrow stem” of agricultural engineer 
ing training in the junior and senior 
affords an opportunity for 
electives than is possible in a curriculum 
that covers the general field of agricul 
This is a decided ad 


vears more 


tural engineering. 
vantage in meeting the demands for more 
training in the social and life sciences, 
humanities, and 

Engineering curricula are notoriously 
deficient in these courses. Curricula that 
do not attempt to cover the whole field of 


free electives. 








agricultural engineering subject matter 
make training in 
agricultural engineering and a_ broader 
training in other fields of subject matter. 
This means greater competence in at 
least one division of agricultural engineer- 
ing, and better training to meet other 
life problems. 


possible specialized 


Conclusion 


In conclusion, we should recognize 
that: 

The public not only expects a reason- 
able success vocationally or profession- 
ally of all college and university trained 
engineers, but also expects that they 
shall assume a certain amount of leader- 
ship in local, county, and state affairs. 

It is a mistake to assume that the stu- 
dent who arrives on a college campus has 
attained from his home and secondary 
and high school training the competence 
needed in citizenship, in human relations, 
and in living. The option plan will per 
mit a broad training in life and_ social 
sciences, and in the humanities. 

It is possible to seeure competence as 
a designer of either machines or strue- 
tures in a four year curriculum with 
options and with a broad base of funda- 
mental engineering training, but such a 
curriculum does not permit competence 
in all branches of agricultural engineer- 
ing. 

The various 


technical branches of 
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agricultural engineering are just as pre- 
cise and deserve as thorough technical 
training as branches of other fields of 
engineering. 

The agricultural engineer must have a 
greater competence in the field of farm 


‘machinery design or farm structures de- 


sign than other engineers if we are to 
have a feeling of assurance that the agri- 
cultural engineering curriculum is justi- 
fied. 

The agricultural engineer, like engi- 
neers in other branches of engineering, is 
expected to be able to function either in 
designing, testing, developing, and serv- 
icing in the machinery and power field; 
or in designing and construction of farm 
buildings and structures in the soil and 
water engineering field. In either option 
with electives, he may qualify for rural 
electrification work. 

Whether he be trained in one option or 
in the other, he may do research or sales 
work, or he may east his lot in the field 
of edueation as a teacher. Finally, with 
vears of experience and demonstrated 
ability and an understanding of the poli- 
cies, personnel, finance, public relations, 
and other general problems of his organi- 
zation, he may function in a supervisory 
capacity or as an executive. 

For most of these functions, we be- 
lieve the agricultural engineering curric- 
ulum with a specialized option provides 
the best training. 
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Preparing an Engineer for Sales Work* 


3y JOHN GAMMELL 


Supervisor of Sales Training, Allis-Chalmers Manufacturing Company, 


West Allis, 


Two thousand years ago the founder 
of our Christian era and, no doubt, the 
greatest salesman of all, said that—He 
who would be first among you, must be 
servant of all.” We think this is a good 
motto and a good description of an ideal 
technical salesman. Another way we 
look at a technical salesman is to con- 
sider him as an itinerate educator—a 
man who brings the ideas and knowledge 
of the factory specialist to the operator 
in the field. This works both ways, too, 
in that he brings the problems of the field 
to the design and development specialist 
at the factory. <A technical salesman is 
an excellent example of free enterprise 
at its best. If anyone gets an idea any- 
where in this land of ours, you can pretty 
well rest assured that some salesman 
somewhere will pick it up and see to it 
that it is developed by whoever has the 
proper know-how and facilities to do the 
developing. If the idea or the device 
doesn’t work as well as some other sales- 
man’s idea or device, it is dropped. We 
think this is a wonderful system. We 
understand that Joe Stalin and the com- 
munists don’t like salesmen and consider 
them one of the prime wastes of the 
-apitalist countries. We don’t see how 
there could be a better way of floating 
ideas and problems around the country 
than the way we do it. 

Now in order that a salesman earry 
out this function of being a servant to 
* Presented before the Industrial Engi- 
neering Division at the 59th Annual Meet- 
ing of the ASEE, June 28, 1951, Michigan 
State College. 
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being a disseminator of 
ideas, of being a catalyst between prob 
lems and solutions, he has to have some 
pretty well defined characteristics. One 
of the most important of these is to be 
able to talk easily and naturally about 
the type of things with which he is con- 
cerned. The first problem then in the 
preparing of an engineer for sales work 
is to see to it that he 
and able to clearly convey ideas by speak- 


everyone, ot 


is ready, willing 


ing to either one person, a dozen people, 
or a thousand people if need be. 


Training Program 


In working with those who have been 
selected as having an aptitude for sales, 
we suggest that they join publie speaking 
clubs, take public speaking courses, and 
in general be aware of the power of 
words. We impress upon them that it 
isn’t how much they know that counts in 
talking to people, or even how much they 
tell someone, but how much they are able 
to say that the other men will understand 
and remember. In other words, you ean 
read an electrical handbook to a man but 
it doesn’t make him an electrical engineer. 
All of you have had the experience of 
hearing people talk about technical mat- 
ters time and again in which not more 
than 25 or 30% of what was said was 
understandable during the discussion. 
It might be marvelous material for a book 
or a paper, but for a discussion it falls 
flat. 

In addition to encouraging our pro- 
spective salesman to join public speak- 
ing classes, we have classes of our own 
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on company time during which period 
primarily what we do is to have the 
future talk machinery 
and its application, which is our business. 
We have other students evaluate his pre- 
sentation and ask him and 
supplement his talk when they feel that 
he has left out something of importance 
concerning the problem at hand. 

We show motion pictures, sound slide 
films, models and generally make use of 
all the sales gadgetry available. 

There is a great deal of talking today 
about the professional attitude or pro- 
fessional approach. There are many 
facets to this thought but on the purely 
technical side, I am impressed by an idea 
put in my mind by one of my associates, 
which, incidentally, might also illustrate 
one of the differences between a techni- 
cian and a professional engineer. When 
first started to sell, years 
ago, he told me he used to get a consider- 
able quantity of orders for centrifugal 
pumps in which someone would ask for 
a pump to deliver so many gallons of 
water at such and such a presure. It 
him that since we were in 
business to sell pumps, we should take 
the order and make the delivery as ex- 
peditiously as possible. His 
no, that in each ease he should eall the 
buyer, or, if possible, go out to see him and 
find out what he really was trying to do. 
For instance, a man needs so much water 
at such and such a presure at such and 
such a time and place in order to per- 
form a certain operation. To start out 
with, there may be a better way of per- 
forming the operation so that he doesn’t 
really need any water at all beyond what 
Of course, no sales- 
man indicates to a buyer that he doesn’t 


salesman about 


questions 


my associate 


seemed to 


boss said 


he uses at present. 


know what he wants but his attitude is 
that of a man who is genuinely inter- 
ested in his customer’s problems and is 
dedicated to the idea that there is always 
a better way of doing things and that he 
wants to be sure he has the best way. 
With further regard to the appliea- 
tion, there are such simple factors as— 
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is it going to operate 24 hours a day, 
365 days a year at a maximum capacity, 
or just 5 minutes a day. In the former 
case, obviously, a very high efficiency 
unit is needed; in the latter case, effi- 
cieney is hardly a point. Is the pump 
going to be in series with the other oper- 
ations in the man’s plant in such a man- 
ner that if this particular pump fails, 
the plant has to be shut down, or is it in 
some parallel function? In one 
complete reliability and _ serviceability 
are the important features and the man 
is not apt to be concerned about the 
economics of a better and more expensive 
design. The kind of trouble he has had 
in the past—and everybody always has 
troubles—is another factor. Nothing 
lasts forever and nothing is 100% effi- 
cient. Anything short of this is, in a way, 
trouble. In addition, there are the more 
common types of difficulties such as pre- 
nature breakdowns, faulty material, ex- 
cessive wear, ete. Surely any man with 
a professional mind wants to know how 
a man’s doing the job now and the diffi- 
culties he has had in order that he may 
be in a position to better overcome them. 
The professionali man has an inquiring 
mind—he wants to know the problem. 
He wants to get beyond the “how” and 
get to the “why.” 

We infiltrate these ideas in the minds 
of the potential salesmen in classes of a 
somewhat formal nature in which, as we 
mentioned above, the prime idea is to 
have the student talk about our business. 


ease, 


Community Participation 


The truly professional technical sales- 
man should have some imagination, some 
understanding and some interest of the 
scope of engineering beyond the imme- 
diate environments of his job. We en- 
courage our embryonic sales engineer to 
carefully select a few of the principal 
technical and professional organizations 
of his community, become a member of 
them, and take part in their activities. 
We suggest to him that he follow maga- 
zine articles on such broad engineering 
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matters as atomic power, guided missiles, 
the use of new metals such as magnesium, 
aluminum, titanium, ete. The changes 
in the steel industry brought on by the 
depletion of iron ore in Minnesota should 
be of interest. This matter of steel pro 
duction brings up a host of topics which 
should be intriguing to an engineer—such 
as the South American and Labradorian 
iron reserves, steel plants on the East 
and the West Coast, the pros and cons of 
the St. Lawrence Seaway. The electric 
power industry is another industry worthy 
of study. It has had a truly phenomenal 
growth. We think this growth should be 
of interest to any engineer since it touches 
the engineering world in many points. 
The industrial and population move- 
ments such as to the Southwest and the 
-acifie Coast must needs be of interest 
to the sales engineer. 

Gas turbines, jet propulsion, guided 
missiles and even such futuristie items as 
the possibility of rockets to the moon and 
earth satellite bodies are in the legitimate 
field in which any sales engineer should 
be able to carry on a discussion. In short, 
a sales engineer should be a man of 
breadth and imagination. If he is the 
type of man who wants to probe deeply 
into one subject to the exclusion of others, 
then he should not be in the sales field. 
However, sales requires men who are 
capable of going deeply in different fields 
in case it is necessary. Their motivations 
are, however, broadly scientifie but not 
deeply so. A perfectly sound training 
would develop a man who is quite well 
informed on one subject and generally 
acquainted with many. 

In this discussion we have talked very 
little on the details of strictly technical 


training but, rather, stressed the broader 


aspects. We have done this because we 
believe that most educators and trainers 
are entirely capable of teaching intelli- 
gent people any technical subject on 
which any volume of information has 
been developed. It is a matter of how 
much time and attention you have avail 
able for the purpose. In our company 


we spend two years in rotating salesmen 
to different plants and different depart- 
ments. Most of them work in 15 to 20 
selected locations, travel to 4 plants, un- 
dergo about 20 weeks of lectures inter- 
spersed with other work, review numerous 
movies and sound slide films, ete. 

In all of our training we are very care- 
ful not to give the impression to the 
trainee that we are running the place like 
a Prussian Drill Master. We feel that he 
is a mature individual who has had 16 
years of education and that he undoubt- 
edly has some very good opinions of his 
own coneerning how his training should 
be conducted. We carefully select our 
sales trainees on the basis of preference, 
aptitude, intelligence and 
tests together with a series of six to seven 
interviews. If he shows up as a sales 
man and, most important of all, if he 
feels that he has the proper characteris- 
tics for it after these tests and inter- 
views, then we are pretty much inclined 
to feel that he is a good bet. Once a man 
has gone through this type of a mill, we 
hope he has the inner confidence of know- 
ing he is in exactly the right field and 
that he is an outstanding individual with 
an unusual chance for success in the area 
in which he has chosen to work. 

In choosing the particular training |o- 
cations, lecture courses, ete., we do not 
tell him—you take this location or that 
one—but, rather, we ask him what type 
of work would best accomplish rounding 
out his background. We feel that he is 
in a better position to know his defects 
than anyone else. We can _ certainly 


personality 


help him, and we do make suggestions; 
but it is his life that is being molded and 
If he 
makes a mistake and fails, then, of course, 
it is too bad; but if we make a mistake 


the choices must needs be his. 


and ruin his life, it is a tragedy. 

To go back to another aspect of sales 
training, we believe that good salesman- 
ship begins with product knowledge but 
it doesn’t end there. The peculiar prob- 
lem of the salesman is how to disseminate 
engineering information effectively to 
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other people so that it ean more greatly 
contribute to the very good result of 
better living for all. 

Let me close with one more thought. 
Mr. Emerson, the essayist, more or less 
said one time that you can’t get some- 
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thing for nothing in this world except 
the will to do. There is no magie in pre- 
paring engineers for sales work but a 
lot of ingenuity and hard work does help 
and above all you must impart the will 
to do. 


College Notes 


The General Eleetrie Company has 
established an annual mathematies fellow- 
ship under which secondary 
school mathematics teachers may take 
summer courses at Rensselaer Polytechnic 
Institute, it was announced here today. 
Dr. Livingston W. Houston, president of 
Rensselaer, said that there will be 50 fel- 
lowships awarded to teachers from 12 
eastern states and the District of Columbia 
for a six-week program from July 7 
through August 16, 1952. The program is 
designed to familiarize secondary school 
mathematics with the applications of math- 
ematics to the various fields of human 
endeavor. It will be conducted by the 


program 


Rensselaer faculty in co-operation with 
General Electrie scientists and engineers, 
he explained. 


Awards for the eighth annual General 
Electric Science Fellowship under which 
high school science teachers attend a spe- 
cialized summer session at Union College, 
will be made early in 1952, it was an- 
Dr. Carter Davidson, 
president of Union, said that 50 fellow- 


nounced here today. 


ships will be awarded to teachers from 13 
eastern states and the District of Columbia 
for a six-week program from June 30 
through August 8, 1952. The program, 
which has graduated some 350 teachers 
since its inception in 1945, is designed to 
acquaint participants with new develop- 
ments in science and to provide a clearer 
understanding of how scientifie principles 
are applied to industry. 


























Preparation for Petroleum Geology and 
Geophysics 


By JAMES T. WILSON 


Associate Profe ssor, Unive rsity of Michigan 


Introduction 


Geology is the study of the earth by all 
available means. Consequently it uses in 
formation and methods from the other 
sciences—particularly from 
physics and biology. Geophysies is the 
application of physies to geological prob- 
lems, and thus is but a phase of geology. 
However, the training of a professional 
geophysicist involves such a_ thorough 
grounding in physics as to make it a 
borderline field. 

The scope of geology may be visualized 
by considering the sub-fields into which it 
is divided. These are: Petrology and 
mineralogy, which are the studies of rocks 
and minerals; Physical geology or the 
study of the various processes such as 
and volcanism; 
which is the study of the development of 
landshapes; stratigraphy and_ historical 
geology, which deal with rock sequences 
and the history of the earth; paleontology, 
which being a study of ancient life is 
closely allied with historical geology; and 
economic and engineering geology, which 
depend upon all of the other branches. 
Geophysics and its parallel, geochemistry, 
might also be included. Structural geol- 
ogy or the study of rock structures result- 
ing from deformation is included here 
with physical geology although its im- 
portance might warrant giving it separate 
classification. 

Professional geologists are likely to 
classify themselves as petrographers, 
structural geologists, stratigraphers with 
leanings towards either paleontology or 
structure or both, paleontologists, eco- 


nomie geologists, ete. 


chemistry, 


erosion geomorphology, 
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The list of original member societies 
of the American Geological Institute gives 
a further insight into the scope of the sei 
ence. These are: the Geologieal Society 
of America, the Mineralogical Society of 
America, the Paleontological Society, So 
ciety of Vertebrate Paleontology, Amer 
ican Association of Petroleum Geologists, 
American Institute of Mining and Metal 
lurgical Engineers, Society of Economic 
Geologists, Society of Economie Paleontol 
ogists and Mineralogists, Society of Ex 
ploration American 
Geophysical Union, and the Seismological 
Society of America. 

The paragraphs that 
geology is a broad field and that an ade 


Geophysicists, the 


above indicate 
quately trained geologist must be quite 
familiar with 
It is evident that petrographers must be 
well grounded in chemistry and paleon 
In fact to a large de 


several cognate sciences. 


tologists in biology. 
eree the increasing specialization of geol- 
ogists is an outgrowth of the need tor 
extensive training in related sciences and 
no longer easy for a 


because of this it is 
geologist to be both a paleontologist and 
and a 


petrographer or a_ geophysicist 


stratigrapher. There are, of course, cer- 
tain groupings, as stratigraphy and pale- 
ontology, petrography and geochemistry, 


ete. 


Petroleum Geology and Geophysics 


The petroleum 
terested in those phases ot geology that 


industry is most in- 
will furnish information about the origin 
and accumulation of petroleum and _ nat- 
ural These originate in 
sedimentary rocks and the accumulations 


materials 


gas. 


I 
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of economic importance form where they 
have migrated through the rock and become 
concentrated in the pore spaces of porous 
permeable reservoir rocks. The aceumula- 
tions are in so-called “traps” where the 
arrangement of the reservoir rock and 
surrounding impervious rocks has led to 
concentration of the oil and gas. These 
traps are of two main types—structural 
resulting from the folding or faulting and 
stratigraphic where there have been in- 
terruptions in the orderly sequence of 
deposition of sedimentary rocks. Clearly 
then structural geology and stratigraphy 
are the important fields of geology for the 
petroleum industry. Because both pale- 
ontology and geophysies offer valuable 
tools for the unravelling of details of 
structure and stratigraphy they too find 
an important place. Petroleum geologists 
are likely to be either stratigraphers with 
paleontological or structural leanings, or 
to be geophysicists. It is rather difficult 
to be both. 


Curricula at the University of Michigan 


For a number of years the Geology De- 
partment at the University of Michigan 
has considered a fifth year beyond the 
Bachelors degree essential for adequate 
training for a career in geology. This 
extra year leads normally to a Masters 
degree. Our department is in the Literary 
College (as are most geology departments 
in the United States) and about one-third 


of the undergraduate course selections 
must be in non-science courses. I feel 


that this is to the student’s advantage but 
it is one of the reasons for the fifth year 
of study. The curricula discussed below 
assume this extra year of work. 

As basie cognate sciences all geology 
students must have a year each of college 
chemistry and either college physics or 
zoology. In addition they must have credit 
for mathematics through trigonometry. 
unless their interests are definitely pale- 
ontological they are urged to complete a 
course in caleulus. Students whose pri- 
mary interest is in geophysics must have 
mathematics at least through differential 
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equations and additional courses in phys- 
ics or engineering. It is obviously desir- 
able for all students to have additional 
chemistry, zoology, physics, and math- 
ematics but there is just so much time. 
A few years ago a symposium on geo- 
logical training led to the conclusion, when 
all conferees suggestions were totalled, 
that about fourteen years of university 
work would see a student through the 
courses he needed. 

The basic core of geology courses, be- 
yond the beginning ones in geology and 
mineralogy, includes a semester each of 
structural geology, petrology, geomorphol- 
ogy, geological map interpretation, pale- 
ontology, and introductory geophysies. 
In addition a summer session at the field 
station in western Wyoming is required. 

Except for those students showing an 
early interest in a specific field there is 
little opportunity for any specialization 
before the fifth year. Any concentration 
of interest before that time should, in any 
case, be directed towards the appropriate 
cognate sciences. The graduate year may 
show considerable specialization. Petro- 
leum geologists will usually elect a pro- 
fessional course in the subject and, in 
addition, will take such courses as sedi- 
mentation, advanced structural geology, 
stratigraphic paleontology, micropaleon- 
tology, and geophysical prospecting. Geo- 
physicists will take considerably less geol- 
ogy in their year of specialization but will 
elect additional courses in mathematics, 
engineering and physics. A thesis is re- 
quired for the Masters degree and this 
permits some further concentration of 
interest. 

It is my opinion, and I feel also the 
opinion of many oil company geologists, 
that the background of fundamental sci- 
ences and basie geology courses is the 
most important part of a student’s train- 


ing. I have noticed that a student with 


forty hours of chemistry, physics, and 
mathematics, and forty hours of geology 
will get a better job quicker than a student 
with twenty hours of the basic sciences and 
sixty hours of geology. 

















In the News 
Annual Meeting of ECPD 


Engineers and engineering educators 
met in Boston’s Hotel Statler, October 
19 and 20, for an annual report on the 
status of the engineering profession. The 
occasion was the 19th annual meeting of 
the Engineers’ Council for Professional 
Development, with H. S. Rogers, Pres- 
ident of the Polytechnic Institute of 
Brooklyn presiding. 

One of the features of the meeting was 
a session of the training committee featur- 
ing six speakers. They reported on various 
phases of a six-point training program 
introduced last year by ECPD to aid 
voung engineers in their first five years 
in the profession. The program, 
which the group plans to spend $20,000, 
a year, proposes guidance to the young 
engineer for an adequate development 
plan in six important areas of professional 
life. The areas are: in-service training; 
continued college education; community 
service; professional registration; self ap- 
praisal and selected reading. Those speak- 
ing on the training panel were: H. P. 
Hammond, Dean Emeritus, Pennsylvania 
State College; J. K. Walter, Training 
Supervisor, West Penn Power Co.; J. C. 
McKeon, Manager, University Relations, 
Edueational Department, Westinghouse 
Electrie Corp.; K. B. MeKEachron, Jr., 
Manager, Technical Education Division, 
General Electric Co.; C. S. Crouse, Head, 
Department of Mining and Metallurgical 
Engineering, University of Kentucky; F. 
N. Entwisle, Director, Testing and Guid- 
ance Division, Newark College of Engi- 
neering. 

Another panel discussion on engineering 
guidance, was held under the direction of 
Willis F. Thompson, chairman of ECPD’s 
guidance committee. This committee has 
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developed a plan to cover the nation with 
a network of state committees to dis- 
seminate information on effective methods 
for guidance in engineering, and the first 
part of the panel was devoted to a de- 
tailed account of this development. This 
was followed by a panel discussion on, 
“The High School’s Point of View 
Guidance,” featuring three educators from 
the Massachusetts state system: 
Frederick A. Small, Principal, School De- 
partment, Norwell, Mass.; Thomas D. 
Ginn, Director of Vocational 
School 
Guidanee Director, 
Stoughton, Mass. 
Other highlights of 
a dinner address by Eugene W. O’Brien, 
Vice-President, W. R. C. Smith Publish 
ing Co., who talked “What Junior 
Engineers Find Important,” a luncheon 
talk by Harold B. Richmond, Chairman ot 
the Board of Radio Co., 
“Observations on Cooperative Course 
Training as Viewed by a Manufacturer,” 
and a Saturday luncheon talk by James 
Rhyne Killian, Jr., President, Massa- 
chusetts Institute of Technology. 
Additional committees in- 
cluded—edueation, 
tion, ethics, and unity in the engineering 


on 
schoo] 
Guidance, 


Aaron Fink, 


Department, 


Committee; 


School 


Boston 


the meeting were 


on, 


General on, 


reports of 
recognition, informa 
protession. 

The national organizations comprising 
ECPD American Society of Civil 
Engineers, American Institute of Mining 
and Metallurgical Engineers, The Amer 
ican Society of Mechanical Engineers, 
American Institute of Chemical Engi- 
neers, National Council of State Boards 
of Engineering Examiners, American In 
stitute of Electrical Engineers, and The 
Engineering Institute of Canada. 


are: 


TouRNAL OF ENGINEERING EpwucatTion, JA 








Minutes of the Executive Board Meeting 


A meeting of the Executive Board of The 
American Society for Engineering Educa- 
tion was held on Wednesday, November 14, 
1951, at the Rice Hotel, Houston, Texas. 
Those present were: 8. C, Hollister, Pres- 
ident, M. M. Boring, A. B. Bronwell, L. E. 
Grinter, G. A. Rosselot, C. L. Skelley, and 


B. Bowen. 


Re port of the Secre tary 

The Secretary presented a written prog- 
ress report on the current projects and de 
velopments of the Society. This 
marized in the Minutes of the 
Council meeting of November 14, 1951. 


is sum 
General 


Report of the Treasurer 
The Exeeutive Board 
audit of the Society. The audit showed a net 


reviewed the final 


loss of $311.07. By previous action of the 
Executive Board an amount of $1,315.03 was 
transferred from the ECRC Reserve and 
$1,486.45 was transferred from the Special 
Projects Reserve to defray part of the cost 
of printing the ECRC Directory of Research. 
When these adjustments were made, the in- 
come and expense statement showed a net 
balance of $2,490.41, which was transferred 
to the general surplus of the Society. 

The financial statement as of November 7, 
1951 showed that receipts and disbursements 
were in line with those of the corresponding 
period for 1950. 

The Treasurer and 
graphs showing the trend of income and ex- 
pense over a ten year period. The following 
is a tabulation of the comparative income 
and expense for the years 1940-41 through 
1950-51. 


Secretary presented 


INCOME 


Total income 
Dues of members 
Advertising 


Per cent 
Increase 
90"c7 
295% 


1940-41 1950-51 
$20,231.62 $60,317.02 
16,994.36 39,113.20 
2,503.51 9,401.38 


230% 


370% 


EXPENSE 


Total expense 

Cost of publications 

Office salaries and clerical assistance 
Office expense and travel 


ECAC, ECRC, conferences and meetings, ete. 


The following conclusions are to be drawn: 


1. The vigorous membership campaign dur- 
ing the past five years has practically 
doubled the number of individual members 
in the Society. The increased revenue result 
ing from this expansion of Society member 
ship has succeeded in keeping income in line 
with rapidly rising costs. 

2. The advertising revenue has increased 
substantially, partly due to new advertising 
contracts and partly due to increased rates 
and volume. 

3. It seems evident that the Society can 
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$18,686.28 
7,002.72 


6,000.00 


$60,628.09 
24,139.43 
11,018.44 


345% 


180% 


2,001.97 8,117.63 400% 
3,681.59 17,352.59 472% 


not anticipate in the future the large incre- 
ment of new members each year which was 
experienced during the past five years. The 
reason is that declining enrollments in engi- 
neering colleges are causing a shrinkage of 
engineering faculty There are 
certain areas of potential membership which 
offer promising possibilities. These include: 
(a) industrial members, (b) younger faculty 
members of instructor and assistant pro- 
fessor rank, and (¢) faculty members in 
junior colleges and technical institutes. An 
effort will be made this year to expand the 
membership in these ranks, 


members. 
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4. One of the promising areas of increased 


Society participation and revenue is that 
of Associate Institutional members, from 
among industries of the country. A Com 


mittee is being formed, under the chairman 
ship of Jesse McKeon, Westinghouse Elee- 
trie Company, to solicit Associate Institu- 
tional memberships in the ASEE. 

5. The increase in expense is due to: (a 
the increased activities of the 
Society, (b) the enlarged membership, and 
(ec) inflationary costs. 
item of expense is the cost of publication of 
the JOURNAL, which has tripled in ten years. 

The Executive Board authorized the Seere- 
tary and Treasurer to make a_ projected 
study of the Society finances for the next 
five years, based upon proposals to enlarge 
the Secretary ’s office. 


scope of 


The principal single 


Adequacy and Standards of Engineering 


Education 

President Hollister proposed that the vari- 
ous curricular Committees and Divisions of 
the ASEE conduct a critical investigation of 
the adequacy and standards of the engineer- 
ing curricula, with a view to projecting the 
thinking into the needs of the engineering 
profession in the years ahead. Major stress 
would be given to those elements of the 
curriculum which give continuous and last- 
ing support to the graduate’s professional 
life. Particular attention should be de- 
voted to an inquiry into the adequacy of 
the scientific foundation in the engineering 
curricula. 

It was recommended that this study en- 
able the engineering colleges to participate 
actively in the study of their curricula and 
the extent to which these are meeting the 
professional needs of the graduate. It was 
proposed that a national committee be ap- 
pointed to coordinate the program and pro 
vide stimulation and direction. 


Tt was vote d to appoint a committee of 
the ASEE to 


on evaluation of the 


imple ment the program 


adequacy and 

standards of enginecring education, 
Program of with Secondary 
Schools and Junior Colleges 


Coope ration 


Vice President Boring reported that the 
meeting of the Upper New York Section of 


the ASEE was devoted to education and 
utilization of engineering manpower. This 


ineluded discussions of the problems from 


200 
the view point of secondary schools and 
junior colleges. The panel discussion Was 


transcribed and has been sent 


to ASEE 


Section chairmen in the hopes of stimulating 


_ 


similar programs in other Sections. 


Mr. Boring also reported that the Edison 


Foundation is sponsoring and financing a 
program in which selected secondary school 
invited to attend 


discussing ways and 


teachers are conferences 


for the 


means of 


purpose of 
strengthening scientific edueation 
in the secondary schools. 

Vice President Boring suggested that the 
program of establishing cooperative work 
ing relationships with secondary schools and 
junior colleges be earried directly to the 
Sections and that they in turn develop meth 
ods of implementing these relationships on 
He stated that a relatively 
small national committee might be used to 


a regional basis. 
coordinate the activities of the loeal groups. 


Report of the 
of Teaching 


Committee on TI) provement 


Vice President Grinter stated that a first 
draft of the report of the 
Improvement of 


Committee on 
Teaching had been sub 
mitted to the Committee members for crit 
icisms and that it was hoped that the final 
report would be completed during the year. 


The Board voted to authorize the 
mittee on Improve ment of 


Com 
Te aching an 


appropriation of $750 for the prepara 


tion of the final re port. 


Plans for the Annual Meeting 


The Board decided to hold general sessions 
at the Annual Meeting on Tuesday, Wednes 
day, and Thursday mornings. One morning 
would be devoted to a general session of the 
Society as a whole and the other two morn- 
devoted to general sessions 
ECRC 
that Dart 
mouth has adequate housing facilities for 
up to 2200 


view of the attendance of previous ASEE 


ings would be 
sponsored by the ECAC and 
Bronwell 


Secretary reported 


persons. This seems ample in 


Meetings. The local 
have been appointed and are 
plans for the Annual Meeting. 


committees 


Annual 


drawing up 


Enlarge ment of ASEE Headq arters Staff 
President Hollister reported that he felt 
that the Society should be 


influence on the pressing national problems 


exerting more 


bearing on engineering education. To take 
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on this responsibility involves increased con- 
tact with governmental organizations and 
industry. With the increased responsibility 
of the Society, it will be necessary to in- 
crease the headquarters staff of the ASEE 
in order to relieve the Secretary of some 
of the routine work and free him for more 
important contact work. 

Up to the present time, the Secretary’s 
office has employed the Secretary on a part- 
time basis and two full time office secretar- 
ies. This seems inadequate for a national 
society of over 7000 members, since the 
Secretary’s office is required to: (a) take 
an active part in the administration of the 
major projects of the Society, (b) co- 
ordinate activities of the Committees, Divi- 
sions, Sections, and Councils of the Society, 
(ec) edit the papers for the Journal and 
handle the advertising, (d) make arrange- 
ments for the various meetings of the So- 
ciety, including the Annual Meeting, (3) be 
responsible for all receipts and disburse- 
ments, including the annual audit, and (f) 
service the Society membership, including 
information requested, dues notices and 
receipts, ete. 

The Board recommended the addition of a 
part-time assistant to the Secretarial staff 
to take on some of the editorial and other 
responsibilities. In order to enable the 
Secretary to enlarge upon his outside con- 
tact work, the Board 


Voted to authorize an increase in Sec- 
retarial travel funds not to exceed 
$1000 for the current fiscal year. 


Applications for Institutional Membership 

The following applications were approved 
for institutional membership in the ASEE: 
University of Mississippi (active) ; St. Louis 
Lowell Textile In- 


University (active) ; 
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stitute (active); University of Omaha (af- 
filiate). 


Request of Civil Engineering Division for 

Summer School in 1952 

The Secretary read a letter from Professor 
Gaylord, Chairman of the Division of Civil 
Engineering, requesting the Executive Board 
to approve two summer schools, one in Sur- 
veying and Mapping and the other in San 
itary Engineering. 


It was voted to authorize ASEE spon- 
sorship of a summer school in Survey- 
ing and Mapping and another in San- 
itary Engineering, subject to the Civil 
Engineering Division’s desire to sponsor 
these summer schools. The matter was 
referred to Dr. Grinter to work out the 
details with the Civil Engineering Divi- 
sion. 


Other Business 

The following items of business were dis- 
cussed at the Executive Board meeting and 
recommendations are embodied in the Min- 
utes of the General Council meeting of 
November 14, 1951. 


(a) Report of the Teaching Aids Com- 
mittee. 

(b) Formation of a Publie Relations Com 
mittee. 

(ec) Committee on Contract Relations with 
the Federal Government. 

(d) Participation in UNESCO. 

(e) Associate institutional membership 
drive. 

(f) Mid-year meetings of ASEE Divisions. 


Respectfully submitted, 


ARTHUR B. BRONWELL, 
Secretary 
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Minutes of General Council Meeting 


A meeting of the General Council of The 
American Society for Engineering Eduea 
tion was held on Wednesday, November 14, 
1951, at the Rice Hotel, Houston, Texas. 
Those present were President S. C. Hollister, 
M. M. Boring, A. B. Bronwell, L. E. Grinter, 
G. A. Rosselot, C. L. Skelley, W. L. Everitt, 
F. M. Dawson, T. Saville, H. W. Barlow, FE. 
R. Jones, W. W. Dornberger, D. C. Hunt, 
W. E. Street, C. A. Brown, K. MeEachron, 
E. R. Stapley, L. G. Miller, K. Wendt, W. H. 
Carson, and B. Bowen. The meeting was 
called to order at 7:00 P.M. 


Report of the Secretary 

The Secretary presented a progress report 
which summarized some of the current de 
velopments of the Society. These included 
the following: 

(a) A Publie Relations Committee, under 
the chairmanship of Professor Richard 
Sehmelzer of Rensselaer Polytechnic In- 
stitute, has been appointed to develop a 
public relations program for ASEE. It is 
suggested that all information of interest 
to the public be channeled through this 
Public Relations Committee for press re- 
leases. 

(b) Steps are being taken to form a 
Committee on Textile Engineering in the 
ASEE. 

(c) Dean Lassalle, chairman of the ECAC 
Committee on International Relations, is 
endeavoring to obtain active participation 
of the ASEE in UNESCO. The area of 
engineering education is the most conspicu 
ous void in the program of UNESCO and, in 
view of the fact that the international pro 
gram of the U. S. government calls for 
substantial technical assistance to foreign 
countries, it would seem that engineering 
education should play an important role. 

(d) A committee of the Society has been 
appointed, under the chairmanship of Jesse 
McKeon, to increase the number of Associate 
Institutional memberships. 

(e) Several Divisions of the Society are 
planning mid-year meetings. The Coopera 
tive Engineering Division held a meeting at 


Northwestern University on November 8-10, 
1951. The Engineering Drawing Division is 
planning a meeting in New York on January 
23-25, 1952. The Division on Relations with 
Industry is planning a meeting to be held 
at MIT on the theme ‘‘The Student 
Individual’’ on February 2, 1952. 

f) The Se eretary reported on the Mis 
sion on Engineering Edueation to Japan. 
in the Minutes of 
the Executive Board meeting of October 29, 
1951, published in the November issue of 
the JOURNAL OF ENGINEERING EDUCATION, 


page 385. 


8s an 


This item was summarize 


(g) The Seeretary presented a_ written 
progress report from the Teaching Aids 
Committee. This Committee has appointed 
reviewing committees which are starting to 
review teaching aids. Ultimately a bulletin 
will be published, listing those teaching aids 
which are considered to be acceptable for 
engineering instruction. He reported that 
the evaluation program is causing companies 
which are planning teaching aids to seek the 
advice of engineering teachers in the prep 
aration of their teaching aids. This is a 
collateral benefit which the Committee had 
hoped to achieve and which would result in 
substantial improvement in the quality of 
teaching aids constructed in the future. 


Report of the Treasurer 

Copies of the final audit and the compara- 
tive statement of receipts and disbursements 
for the period July 1 to November 7 for 1950 
and 1951 were presented by the Treasurer. 
This is reported in the Minutes of the Execu 
tive Board meeting, November 14, 1951. 


Adequacy and Standards of Engineering 

Education 

President Hollister reported that a com 
mittee of ECPD on adequacy and standards 
of engineering education has made a study 
of the engineering curricula. This study in 
dicates that some of the older curricular 
areas have not advanced significantly in the 
past 40 years, despite the rapid advancement 


of science and engineering practice. The 
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committee report also stated that the engi- 
neering curricula are not breaching the gap 
between the fundamental sciences and engi- 
neering instruction. The report stated that 
there is very little difference in curricular 
subjects of various schools, but the dis- 
tinguishing characteristics lie in the depth of 
instruction and in the objectives in respect 
to the outlook to be achieved. There exists 
a spectrum of objectives ranging from highly 
professional programs supported by strong 
science backgrounds to vocational programs 
in which only a moderate amount of science 
is included. 

The ECPD committee recommended that a 
study be undertaken by the ASEE on this 
subject. In order to carry out this recom- 
mendation, President Hollister has written 
to chairmen of Divisions and Committees of 
the Society urging them to give attention to 
an evaluation of the engineering curricula. 
It is believed that this activity should be 
undertaken on a Division and institutional 
level, with a national committee appointed 
to coordinate and review the programs and 
findings of the Division and institutional 
committees. This will constitute one of the 
principal programs of the Society for the 
coming year. 


Cooperation with High Schools and Junior 

Colleges 

President Hollister proposed that a pro- 
gram be undertaken on a regional level to 
develop closer working relationships between 
secondary schools and the engineering col- 
leges. This program would endeavor to: (a) 
seek an improvement in the quality of educa 
tion of students entering engineering col- 
leges, (b) discuss with high school and 
junior college teachers curricular problems, 
with particvlar emphasis upon improvement 
of the teaching of mathematics and the sci- 
ences, (¢) provide a means of channeling 
information to the high school principals, 
teachers, and counselors on the career op- 
portunities for students in the engineering 
field. 

President Hollister emphasized that this 
program should attention upon the 
educational preparation of the student and 
not upon educational philosophy in general. 
This would avoid controversies which might 
arise in dealing with the nebulous subject of 
educational philosophy. It was suggested 
that this program be undertaken by the 


focus 
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Sections of the ASEE, with a central com- 
mittee of the ASEE coordinating the work 
of the Sections and exchanging information 
on methods and results. The Sections would 
be responsible for stimulating conferences 
and meetings between engineering colleges 
in their geographical area and high schools 
and junior colleges. 


Committee on Improvement of Teaching 


Vice President Grinter summarized the 
work of the Committee, stating that after 
the final report has been made the work of 
the Committee would be transferred to the 


Division of Educational Methods. This 
would be a permanent organization for 
stimulating continuous improvement. The 


report should be out in time for the Annual 
Meeting. 


Plans for Annual Meeting 

The Secretary presented a brief report of 
the recommendations of the Executive Board 
relating to the plan for general sessions at 
the Annual Meeting at Dartmouth, as de 
scribed in the Minutes of the Executive 
Board meeting of November 14, 1951. The 
Secretary also stated that he has urged the 
Divisions and Committees to submit their 
complete program information by the first of 
February, since a considerable amount of 
liaison work is necessary with the host in 
stitution in assigning rooms and also in 
eliminating conflicts before the preliminary 
program can be sent to the printer. 

The local committees at Dartmouth have 
been appointed and are drawing up plans 
for the Annual Meeting. 


Report of Coordinating Committee on Rela- 

tions with the Government 

Dean Saville reported that a committee of 
the EJC had been appointed to advise the 
National Science Foundation on problems 
relating to grants in the engineering field. 
He also stated that Dean Potter is the only 
active engineering representative on the Na- 
tional Science Foundation Board and that 
it is extremely important that he be re-ap- 
pointed on expiration of his term in May 
1952. The General Council recommended to 
Vice President Rosselot that he get the 
endorsement of the ECRC for Dean Potter’s 
re-appointment and send this to either Mr. 
Steelman or Mr. Dawson in the White House. 

















MINUTES OF GENERAL COUNCIL MEETING 303 


Dean Saville reported that the UMT bill 
has been given preferential status in Con- 
gress and will be discussed within 60 days 
of the convening of Congress. The Engi- 
neering Manpower Commission will probably 
testify on this bill. 


Unity of the Profession 

Dean Saville reported to the Council that 
a great majority of the societies had balloted 
on the Unity organization, with the largest 
majority voting for Plan A. The frame 
work of this organization will be a modifica 
tion of the EJC, details of the organization 
to be worked out at a later time. 


Contract Relations with the Federal Govern 

ment 

Vice President Rosselot reported that the 
Committee of the ECRC on Contract Rela 
tions with the Federal Government, under 
the chairmanship of Dr. Raymond Woodrow 
of Princeton University, is endeavoring to 
get agreement of various government agen- 
cies on uniform provisions in research con 
tracts. He stated that diffieulties had been 
encountered by engineering colleges due to 
the fact that some government agencies were 
citing special cases of types of contracts 
and endeavoring to force the same provisions 
upon other universities. Dr. Woodrow pre 
sented a paper on this subject at the 
Houston meeting of the ASEE. 


Summer Schools 


The Exeeutive Board has voted to author 
ize ASEE sponsorship of summer schools 
proposed by the Electrical Engineering Divi 
sion, the English Division, and the Civil En- 
gineering Division. The Civil Engineering 
Division is proposing a summer school in 
Surveying and Mapping and possibly an- 
other on Sanitary Engineering. 

Previously the Executive Board had an- 
thorized ASEE sponsorship of a summer 
school proposed by the General Electrie Com 
pany to demonstrate some of the more 
successful methods of instruction used in 
their advanced engineering training pro 
gram. This program embodies some of the 
principal recommendations of the Committee 
on Improvement of Teaching, and the Gen- 
eral Council therefore voted that the summer 
school be sponsored by the Committee on Im- 
provement of Teaching, in cooperation with 
the General Electric Company. 


Enlargement of Secretary’s Office 


President Hollister reported that steps are 
being taken to enlarge the Secretary ’s staff 
in order to relieve the Secretary of some of 
the routine work and free part of his time 
for more important contact work with other 
engineering and educational societies, gov 
ernmental agencies, and industry. The fol 
lowing steps will be directed toward this 
objective: 


(a) A study will be made by the Secretary 
and Treasurer of the projected finances, 
based upon an enlarged Secretarial staff. 

(b) An assistant secretary will he added 
to the Secretarial staff on a part-time basis 
to handle the editorial work on the Journal 
and other Secretarial responsibilities. 

(ce) The Executive Board has voted an 
increase of up to $1000 to the Secretary ’s 
travel fund, to enable him to attend im 
portant meetings and enlarge the contact 
work with other organizations and govern 
ment agencies. 

(d) The officers are looking ahead to a 
full-time secretarial appointment instead of 
a part-time appointment as in the past. 

(e) It is anticipated that the expansion of 
the Associate Institutional memberships in 
the Society will defray part of the expense 
of this change. 


Committee of General Council to Report on 

Activities of the Council 

\ Committee of the General Counell, econ 
sisting of H. W. Barlow, Chairman, Eric 
Walker and L. G. Miller, was appointed to 
prepare recommendations on methods of ex 
panding the activities of the General Council. 
The General Council has been largely a 
policy decision body, which acts upon pro 
posals submitted by Divisions and Commit 
tees of the Society or individuals. It has 
been suggested that the Council members 
could take a more direct part in the opera 
tions of the Society. 


Resolution of the Engine ering Drau ing 

Division 

Professor Street, representing the Engi- 
neering Drawing Division, presented a resolu 
tion of the Engineering Drawing Division. 
This resolution was addressed to the Execu 
tive Board of the ASEE and proposed that 
the Executive Board forward it to the Com 
mittee on Engineering Schools of the ECPD. 
It recommended in effect, that in view of the 


importance of engineering drawing in the 
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engineering curricula, that ECPD visitation 
committees should seek the assistance of 
competent drawing teachers in evaluating 
the quality of instruction in engineering 
drawing for engineering curricula accredita- 
tion purposes. Dean Dawson moved that 
the resolution be referred to the Executive 
Board for study and report back to the 


Council. The motion was passed. 
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Life Memberships 


The following were voted to life member- 
ship in the Society: H. L. Creek, C. H. 
Mathewson, L. Mitchell, B. J. Robertson, E. 
J. Streubel, W. C. Taylor, K. O. Thompson. 


Respectfully submitted, 
ARTHUR BRONWELL 
Secretary 


College Notes 


William Gardner Van Note was in- 
stalled as the ninth president of Clarkson 
College of Technology. Dr. Van Note 
was formerly at North Carolina State 
University at Raleigh. 


Charles W. MacGregor, professor of 
applied mechanics and head of the mate- 
rials division at Massachusetts Institute 
of Technology, has been named vice-pres- 
ident of the University of Pennsylvania 


in charge of engineering and scientific 
studies, President Harold EK. Stassen of 
the University announeed last night. In 
the office at Pennsylvania, newly-created 
by the trustees, Dr. MacGregor will have 
jurisdiction over the engineering and sci- 
entific departments of the University. His 
administration will also include the Towne 
Scientific School and the Moore School of 
Electrical Engineering. 





ANNUAL MEETING 


June 23-27, 1952 





Dartmouth College 


Hanover, N.H. 
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Section 


Allegheny 


Tllinois-Indiana 
Kansas-Nebraska 
Michigan 


Middle Atlantic 


Missouri 


National Capital Area 


New England 


North Midwest 
*Ohio 


Pacifie Northwest 


Pacific Southwest 


*Rocky Mountain 


Southeastern 


Southwestern 


Upper New York 


Section Meetin gs 


Location of Meeting 


Pennsylvania State 


College 


University of 
Illinois 

University of 
Nebraska 

University of 
Detroit 


Newark College of 
Engineering 


University of 
Arkansas 


Howard University 

George Washington 
University 

Worcester Polytechnic 
Institute 


Iowa State College 
Ohio State 
University 
University of 
Washington 
University of Nevada 
University of 
Wyoming 
Clemson College 
University of 
Houston 


Alfred University 


Dates 
April 18-19, 
1952 
May 17, 1952 
Nov. 16-17, 
1951 
May 10, 1952 


December, 
1951 


April 5, 1952 
February 5, 
1952 


Oct. 18, 1952 


Oet. 3-4, 1952 


May 23-24, 


1952 


Dee. 27-28, 


1951 


April 10, 11, 


12, 1952. 


April 11 & 12, 


1952 


October 10-11, 


1952 


Chairman of Section 
E. B. Stavely, 
Pennsylvania State 
College 
D. G. Ryan, 
University of Illinois 
Kenneth Rose, 
University of Kansas 
W. P. Godfrey, 
University of Detroit 
S. J. Tracy, Jr., 
City College of 
New York 
R. Z. Williams, 
Missouri School of 
Mines 
W. Oncken, Jr., 
Bureau of Ordnance 


E. T. Donovan, 
University of New 
Hampshire 
S. J. Chamberlin, 
Iowa State College 
W. F. Brown, 
University of Toledo 
T. H. Campbell, 
University of 
Washington 
S. F. Duncan, 
University of South- 
ern California 
E. J. Lindahl, 
University of 
Wyoming 
R. L. Sumwalt, 
University of 
South Carolina 
H. P. Adams, 
Oklahoma A. & M. 
College 
R. M. Can pbell, 
Alfred University 


Members of the Society are welcome at all Section Meetings 


* No Date Set. 
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In the News 


ASEE Solicits 


The American Society for Engineering 
Education is issuing a eall to industry, the 
professional societies, public or private re- 
search organizations, and the engineering 
colleges for teaching aids which may be re- 
viewed in its fortheoming “Catalog of 
Teaching Aids.” This publication, which 
is being prepared by the Society through 
its Committee on Teaching Aids, will con- 
tain reviews of all kinds of teaching aids 
suitable for use in the teaching of various 
engineering subjects. The first edition of 
the catalog will be limited to civil, elee- 


trical, and mechanical engineering, math- 
ematics, and engineering mechanics. This 


edition will also be limited to motion piec- 
ture films (sound and silent), slides in 
2X2 in. or 34%, X4 in. size, models, 
charts, and exhibits. Information on such 
devices should be sent to Professor Carl 
W. Muhlenbruech, Chairman ASEE Com- 
mittee on Teaching Aids, Northwestern 
Technological Institute, Evanston, Illinois, 
who will see that they reach the proper 


reviewing group. Each offer of a teach- 
ing aid should be accompanied by a 


written description or photograph and a 
set of operating instructions. 

The chief purpose of the ASEE “Cat- 
alog of Teaching Aids” wili be to help the 
engineering teacher choose those teaching 
aids which most suit his particular needs 
and to provide him with the assurance that 
they have been passed upon by competent 
individuals. The eatalog, which is to be 
sold at a nominal price, will include a brief 
description of each teaching aid and a re- 
view prepared by a committee of three 
qualified educators in the field for which 
it is intended. The listing will also in- 
dicate where the device may be obtained, 
its dimensions, important physical char- 
acteristics, any charge for its use, and 
other detail information which the pros- 
pective user would require. 

It is expected that the catalog will show 
industry what engineering educators want 
in the way of teaching aids. Any organ- 
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Teaching Aids 


ization setting out to make teaching aids 
will have only to study the reviews con- 
tained in the catalog to learn what type 
of teaching aids the colleges need. It ean 
then use this information as a basis for 
planning its own contributions to the field. 
The Committee asks that teaching aids, 
not “training aids,” be submitted for re- 
view in the catalog. The training aid has 
its uses in teaching workers in industry 
how to perform certain manual operations, 
but in educating engineers it is necessary 
to provide the student with an understand- 
ing of the fundamentals of the subject 
being studied. For this reason the train- 
ing aid is not applieable to engineering 
education. Instead, what is needed are 
teaching aids, which enable the student to 
grasp more quickly the fundamentals of 
the science of engineering and then to ap- 
ply them to the solution of actual pro- 
blems. 

At the same time, it is necessary that 
the teaching aid do more than entertain 
or just use up time. In order to be really 
effective, teaching aids must encourage 
and help the student carry out the learn- 
ing process himself. A teaching aid must 
perform either of two important services. 
The first of these is to enable the teacher 
to present information more rapidly and 
thoroughly than could be done without the 
device. An example of this would be a set 
of color slides on the steel making process. 
If it is not possible to take the students 
on an actual tour of a steel mill, this 
photographie presentation will convey a 
fuller picture and will require less time 
than would any word description the in- 
structor might give. The other important 
function of the teaching aid is to help the 
student understand a process which could 
not be presented adequately in another 
way. Thus the “time microscope,” or 
high-speed motion picture, is a valuable 
the action of high speed 
phenomena of cavitation. 


aid in analyzing 
machinery or the 
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National Science Foundation News 


Graduate Fellowships in Science 


Approximately 400 graduate fellow- 
ships will be awarded by the National 
Science Foundation for the academic 
year 1952-53 in the mathematical, phys- 
ical, medical, biological and engineering 
sciences. Fellows may elect to receive 
training in fields which combine two or 
more of these seienees, such as medical 
physics or physical anthropology. No 
awards will be made for study in clinieal 
medicine, although applications will be 
considered from medical students who wish 
to prepare for careers in medical research. 

The majority of National Science Foun- 
dation Fellowships will be given to pre- 
doctoral applicants, particularly to those 
who will be eligible to begin graduate 
study during the coming year.  Pre- 
doctoral Fellows will be selected on the 
basis of ability, determined by means of 
scores made on tests of scientific aptitude 
and achievement, academic records, and 


recommendations regarding each candi- 
date’s abilities. The testing and evalua- 
tion of applicants will be carried on by 
the National Research Council. Final 
selection will be made by the National 
Science Board of the National Science 
Foundation. A limited number of post- 
doctoral Fellowships will also be awarded. 

Application forms for National Scei- 
ence Foundation Graduate Fellowships 
are available from the Fellowship Office, 
National Research Council, Washington 
25, D. C. In order to be considered for 
the 1952-53 academic year, completed ap- 
plications must be returned to the Fellow- 
ship Office, National Research Council, by 
January 7, 1952. The affidavit and 
loyalty oath required by the National Sei- 
ence Foundation Act of 1950 will eon- 
stitute part of the application form and 
must be completed and returned with other 
application materials. 


New Chairman 


Chester I. Barnard, president of the 
Rockefeller Foundation, was elected chair- 
man of the National Science Board of 
the National Science Foundation at its 
second annual meeting. Mr. Barnard sue- 
ceeds James B. Conant, president of Har- 
vard University, who was the first chair- 
man of the Board, elected to serve the 
initial term. Edwin B. Fred, president of 
the University of Wisconsin, was re- 
eleeted vice chairman of the National 
Science Board. The new chairman and 
vice chairman were elected tor two-year 


terms of office as prescribed by the Na- 
tional Science Foundation Act of 1950. 
Four members of the Executive Com- 
mittee, whose terms had expired, were 
also re-elected. These were: Mr. Barnard; 
Detlev Bronk, president of the Johns 
Hopkins University and president of the 
National Academy of Sciences; Lee A. 
DuBridge, president of the California In- 
stitute of Technology; and Elvin C. Stak- 
man, chief of the Division of Plant 
Pathology and Botany at the University of 
Minnesota. 


Research Proposals 


The first draft of a guide to assist sci- 
entific research investigators in the prep- 
aration of proposals for National Science 
Foundation research grants has been is- 
sued by the Foundation. Copies of the 


guide will be distributed widely to uni- 
versities and colleges, laboratories, and 
other organizations in a position to earry 
on competent scientific research. The 
Foundation will support basic research in 
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the mathematical, physical, medical, bio- 
logical and engineering sciences, by mak- 
ing grants for such research to educa- 
tional, industrial, governmental or other 
institutions, or individuals. Ordinarily 
grants will be awarded to institutions for 
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research by specified individuals. In re- 
viewing proposals the Foundation will 
emphasize the scientific merit of the sug- 
gested research, including the competence 
of the scientist under whom the study will 
be made. 


Summer Schools 


The Executive Board of the ASEE has 
authorized sponsorship of summer schools 
proposed by the Electrical Engineering 
Division and the English Division. Both 
summer schools will be held at Dartmouth 
College preceding the Annual Meeting. 

The theme for the Electrical Engineer- 
ing Division Summer School will be “Un- 
dergraduate Teaching of Electrical Cir- 


cuits and Fields.” It will be held on 
June 20 and 21, 1952, and the registration 
fee will be $1.50. For further informa- 


tion, address Dr. J. D. Ryder, Electrical 
Engineering Department, University of 
Illinois, Urbana, [llinois. 

A summer school on Sanitary Engi- 
neering has been proposed by the Civil 
Engineering Division. 























New Members 


Dean of Arts and Sei 


Axngort, JOHN P., 
ences, Texas A & M College, College Sta- 


tion, Texas. H. W. Barlow, A. B. Bron 
well, 

ABRAMOWITZ, ABRAHAM, 
sor of Electrical Engineering, City Col 
lege of New York, New 
Harold Wolf, Vincent Deltoro. 

BarD, Ropert E., 


Assistant ‘Profes 


Associate 


Electrical Engineering, Fournier Institute 


of Technology, Lemont, Ill. J. D. 
A. B. Bronwell. 

BATEMAN, RicHarpD M., Director, 
C. W. Beese, Maurice Graney. 

BILLINGSLEY, JOHN D., Professor of Ord 
nance, U. S. Military Academy, West 
Point, N. Y. O. J. Gatchell, E. R. Hei 
berg. 

BROWN, CHANDLER W., Instructor in Civil 
Engineering, Duke University, 
N. Carolina. W. B. Snow, H. C. Bird. 

CAMPBELL, BonuAM, Lecturer in Engineer 
ing, University of California, Los Angeles, 
Calif. L. M. K. Boelter, C. M. Duke. 


CARLEY, WILLIAM J., Assistant Professor of 
College of 


Civil Engineering, Clarkson 
Technology, Potsdam, New York. W. H. 
Allison, L. W. Herron. 

CLARK HERBERT M., Professor of Chemistry, 
Rensselaer Polytechnic Institute, 
N. Y. P. E. Hemke, R. 8S. Poor. 

DREVDAHL, ELMER R., Jr., Assistant Pro 
fessor of Mining Engineering, South Da 
kota School of Mines & Technology, Rapid 
City, S. D. L. E. Shaffer, W. E. Wilson. 

DURHAM, FRANKLIN P., Assistant Professor 
of Aero. Engineering, University of Colo 
rado, Boulder, Colo. K. D. Wood, W. €. 
DuVall. 

Epwarpbs, JAMES L., Assistant Professor of 
Mechanical Engineering, Clemson Agricul 
tural College, Clemson, S. C. D. W. 
Bradbury, J. E. Shigley. 

FurraAL, SAMUEL M., Jr., Instructor in En 
gineering Drawing, Northwestern Univer 
sity, Evanston, Ill. Raymond Kliphardt, 
M. B. Lagaard. 

GADBOW, VINCENT L., Instructor in English 
and Social Sciences, South Dakota School 


Troy, 
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York, N. Y. 
Professor of 
Ryan, 


Purdue 
University Center, Fort Wayne, Indiana. 


Durham, 


of Mines & Tech., Rapid 
C. M. Rowe, E. E. Clark. 

GROGAN, Pau J., Chairman, Department of 
Engineering, University Extension Dvi- 
vision, University of Wisconsin, Madison, 
Wisconsin. K. F. Wendt, B. G. Elliott. 

HarLeEY, JoHn D., Professor of Engineer 
ing, A. & I. State University, Nashville, 
Tenn. B. L. Dutton, W. C. MeNeill. 

HENDERSON, CHARLES, Dean of Engineering, 
University of Virginia, Charlottesville, 
Va. E. C. MeClintoek, H. L. Kinnier. 

HINEBAUGH, Myron E., Instructor in Elee 
trical Engineering, University of 

Martin Branch, Martin, 
J. O. Jones, W. C. Taylor, Jr. 

IRWIN, Harry H., Professor of Mathematics, 
Washington State College, Pullman, 
Wash. H. F. Lickey, E. G. Erieson. 

JONES, DANIEL W. B., Instructor in Civil 
and Architectural Engineering, University 
of Colorado, Boulder, Colo. M. W. Jack 
son, R. E. Rathburn. 

KAUFMANN, FreEp H., 
nomics, Milwaukee School of Engineering, 
Milwaukee, Wis. F. J. Van Zeeland, E. E. 
Petty. 

KEEHNER, JOHN B., Instructor in Physies, 
Science Dept., General Motors Institute, 
Flint, Michigan. H. M. Dent, C. A. 
Brown. 

KIRCHNER, JAMES W., Acting Instructor in 
Electrieal Engineering, Ohio 
Athens, Ohio. E. J. Taylor, P. H. Black. 

LAPRADE, GEORGE L., Instructor in Science 
Dept., General Motors Institute, Flint, 
Mich. H. M. Dent, C. A. Brown. 

LINSLEY, Ray K., 
Civil Engineering, 
Stanford, Calif. 
Grant. 

LoGaN, LELAND, Instructor in Engineering, 
Champlain College, State University of 
New York, Plattsburg, N. Y. S. C. Allen, 
E. S. B. Litkin. 

LYMAN, JOHN R., Instructor in Mechanical 
Engineering, University of Maine, Orono, 
Maine, J. F. Lee, A. S. Weaver. 

MANCILL, JULIAN D., Professor of Mathe- 
matics, University of Alabama, 


City, S. D. 


Ten- 


nessee, Tenn. 


Professor of Eeo 


University, 


Associate Professor of 
Stanford 


B. M. Green, E. L. 


University, 


Tusea 
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loosa, Ala. (On leave: Redstone Arsenal 
—-in charge of graduate training in en- 
gineering—Huntsville, Ala.) H. Kuen 
zel, C. H. Bryan. 

MarTIN, ALLAN E., Assistant Professor of 
Metallurgy, University of Minnesota, Min- 
neapolis, Minn. R. L. Dodell, H. S. Jera 


bek. 
MarTIN, Arwoop J., Instructor in Elee- 
tronics, Wentworth Institute, Boston, 
Mass. W. C. White, M. N. Anlin. 


McCay, CLARENCE H., Assistant Professor 
of Mechanical Engineering, University of 
Illinois, Urbana, Ill. D. G. Ryan, J. H. 
Potter. 

MILLER, JEANNE I., Editor, Technical Edu- 
cation News, McGraw-Hill Book Company, 
New York, N. Y. K. L. Holderman, FE. 
E. Booher. 

MurpuHy, Epwarp P., Management Special- 
ist, Training Dept., A. O. Smith Corpora 
tion, Milwaukee, Wis. J. E. Conway, R. 
J. Panlener. 

NEMECEK, Ivan V., Assistant Professor of 
Mechanical Engineering, University of 
Kansas, Lawrence, Kansas. L. O. Han- 
son, A. N. Paul. 

PATERSON, ALEXANDER, Associate Professor 
of Civil Engineering, University of De- 
troit, Detroit, Mich. H. Gudebski, R. H. 
McCormack, Elihu Geer. 

Rick, Haroxp S., Instructor in Mathematies, 
Wentworth Institute, Boston, Mass. J. A. 
Macdonald, C. W. Tudbury. 


RiGHTER, Karu E., Instructor in Mathe 
maties, Technical Institute, State Uni 
versity of New York, Buffalo, N. Y. 


H. A. Panton, R. R. Dry. 

RoBeRSON, JOHN A., Instructor in Civil En- 
gineering, State College of Washington, 
Pullman, Washington. C. L. Booker, E. 
G. Ericson. 

ScHEER, ALFRED C., Assistant Professor of 

Engineering, South Dakota School 

Technology, Rapid City, 

KE. Clark. 


Civil 


of Mines and 
8. D. 


G. A. Beebe, E. 


NEW MEMBERS 


Scott, KENNETH E., Instructor in Mechani- 
cal Engineering, Worcester Polytechnic 
Institute, Worcester, Mass. B. L. Well 
man, G. H. MacCullough. 

SINDLINGER, WALTER E., Dean, Orange 
County Community College, Middletown, 
N. Y. W. H. Branch, F. E. Almstead. 

SKOGLUND, Victor J., Assistant Professor, 
University of New Mexico, Albuquerque, 
N. Mex. A. D. Ford, M. E. Farris. 

STEVENS, Carrou H., Instructor in Physics 
and Mathematics, Purdue University Ex 
tension, Hammond, Ind. A. F. Wilke, 
H. A. Williamson. 

TANGER, GERALD E., Instructor in Engineer- 
ing, Brown University, Providence, R. I. 
Z. R. Bliss, P. N. Kistler. 

TILLES, SEYMouR, Assistant Professor of 
Industrial Engineering, Purdue Univer 
sity, Lafayette, Ind. W. J. Richardson, 
M. E. Mundel. 

VILLAUME, JOHN C., Acting 
Faculty, International 
Schools, Seranton, Pa. 
A. B. Bronwell. 

VOELKER, MERVIN J., 


Dean of the 
Correspondence 
E. C. Lawson, Jr., 


Instructor in Mining, 


South Dakota School of Mines & Tech., 
Rapid City, S. D. L. E. Shaffer, W. E. 
Wilson. 

WasiL, BENJAMIN A., Instructor in Civil 
Engineering, Illinois Institute of Tech- 


nology, Chicago, Ill. L. E. Grinter, J. G. 


Duba. 
Wricnt, THomAs A., Instructor in Engi 
neering Extension Dept., Pennsylvania 


State College, State College, Pa. V. E. 

Neilly, K. L. Holderman. 
ZIMPFER, WALTER H., Assistant 

of Civil Engineering, University of Flor 


Professor 


ida, Gainesville, Florida. 

ZwiEP, DoNALD NELSON, Assistant Professor 
of Mechanical Engineering, Colorado, 
A & M College, Fort Collins, Colo. H. 
Mummert, J. H. Scofield. 

265 new members this year 




















Engineering Enrollments and Degrees, 1951 * 


By ROBERT C. 


The downward trend in engineering en- 
rollment appears to be somewhat checked 
as the demand for trained engineers be- 
comes more acute. This fall the 148 in- 
stitutions accredited by the Engineers’ 
Council for Professional Development re- 
ported enrollments totalling 147,694.. 
While this total is 8.4 per cent below last 
year’s total engineering enrollment, it is 
nevertheless not such a severe drop as is 
the decrease in the male student popula- 
tion reported by all higher educational 
institutions, which is almost 11 per cent 
smaller than in the fall of 1950. 

Freshmen engineering enrollment, an 
even more sensitive indicator of the tenor 
of the times, is 16.2 per cent greater in 
the ECPD schools than it was in 1950. 
This inerease is in striking contrast to the 
general decline of approximately 12 per 
cent in male students enrolling for the first 
time in all higher edueational institutions. 
For the first time since the wave of re- 
turning veterans swelled the freshmen 
rolls to a record high in 1946, the fresh- 
man class has this year resumed the tra- 
ditional position as the largest of the 
four classes. Assuming normal progres- 
sion, it may be expected that the larger 
freshman class of this year will reverse 
the steadily declining trend in the num- 


* All engineering data appearing in the 
text of this report are restricted to ECPD- 
accredited schools. <A report covering all 
engineering schools, regardless of ECPD 
accreditation, will shortly be issued by the 
U. S. Office of Edueation. 

** Of the U. S. Office of Education, Fed- 
eral Security Agency. Mr. Story is Head, 
Statistical Services Unit, Research and Sta- 
tistical Standards Section, and Mr. Armsby 
is Associate Chief for Engineering Educa- 
tion, Division of Higher Education. 


STORY and 


HENRY H. ARMSBY ** 


ber of engineering graduates four ye: 
hence. 

The inereasing demand for engineering 
services occasioned by the expansion of 
defense industries, with the 
steady decline in the number of engineer- 
ing students and graduates, has created 
an acute shortage of trained engineers, 
which will apparently grow progressively 


combined 


more acute for several years to come. 
For the past two years, the inereased 
demand for engineering graduates has 


been largely met by the veteran students, 
who have comprised large segments of 
the graduating classes of 1949-50 and 
1950-51. These men, not being subject 
to military call, have been able to enter 
industry immediately upon graduation. 
However, the supply of veteran graduates 
is rapidly drying up. 

The publicity given to this situation by 
numerous governmental and private agen- 
cies has undoubetdly been a major factor 
in the relatively small decline in the total 
number of engineering students and in 
the increase in engineering freshmen en- 
rollment over last year. Probably Selec- 
tive Service policies with respect to the 
deferment of 
played a part in 
However, it must be remembered that en 
gineering students, like all other college 
students, are not excused from military 
Rather, some of the better quali 
fied students are deferred to permit com 
pletion of college courses. In 
all physically fit graduates will be called 
to active military duty, either through Se 
lective Service or through membership in 
ROTC units. This means that fewer and 
fewer new graduates will be available to 
take civilian 
the next several vears. 


college students have also 
these developments. 


service. 


veneral, 


engineering positions over 








The number of undergraduate engineer- 
ing students reported this fall by insti- 
tutions aeeredited by ECPD was 128,367 

a decline of 10.2 per cent from 1950. 
Graduate enrollment, on the other hand, 
continued to increase. This fall’s total of 
16,452 students enrolled as candidates for 
the master’s degree is 5.6 per cent greater 
than last year’s total. The number of 
students enrolled as candidates for the 
doctor’s degree rose 2.9 per cent to 2,875. 

Percentagewise, the number of engineer- 
ing students enrolled in ECPD accredited 
schools make up about 7 per cent of all 
college students enrolled in the fall of 
1951. This percentage relationship is ap- 
proximately the same as in the fall of 
1950. 

Civil, Electrical, and Mechanical con- 
tinue as the three undergraduate engineer- 
ing curricula in which the greatest num- 
bers of students are enrolled. About 56 
per cent of all undergraduate engineering 
students are enrolled in these three cur- 
ricula—21.1 per cent in mechanical, 19.1 
per cent in electrical and 15.4 per cent 
in civil. There is an inereasing tendency 
on the part of the schools not to assign 
freshmen to specialized curricula. This 
fall approximately 13 per cent of all un- 
dergraduate engineering students were 
reported in the “unelassified” category ; 
the bulk of these being freshmen. Two 
years ago, in the fall of 1949, only 5 per 
cent were reported as “unclassified.” 

The inereasing desire for graduate 
training in engineering is reflected by the 
fact that graduate enrollment is now three 
times what it was in 1940. At that time, 
the graduate students comprised only 4.6 
per cent of all engineering students. This 
fall, 13.1 per cent of all engineering stu- 
dents are taking graduate work. For the 
entire college population, the percentage 
of graduate students is estimated at about 
10 per cent. Almost 28 per cent of all 





engineering graduate students are taking 
their training in electrical engineering. 
Mechanical engineering accounts for about 
17 per cent, while approximately 13 per 
cent are enrolled in chemical engineering 


2 ENROLLMENT IN ENGINEERING COLLEGES, 1951 


The number of male students who re- 
ceived their undergraduate engineering 
degrees in 1950-51 is down 21.3 per cent 
from the previous year. This compares 
with the decline of 15.3 per cent in first 
degrees granted to male students in all 
institutions. Of all first degrees conferred 
on male students, 13.5 per cent were in 
engineering. 

The 148 institutions accredited by the 
ECPD conferred during the year ending 
June 30, 1951, a total of 37,904 bachelor’s 
degrees in engineering, 5134 master’s and 
professional degrees, and 586 doctorates. 
These constitute 9.9 per cent of all bache- 
lor’s degrees conferred by U. S. colleges 
and universities, 7.9 per cent of all 
master’s degrees, and 8.0 per cent of all 
doctorates. Last year these percents were 
11.1, 8.4, and 7.4, respectively. 

The distribution of first degrees among 
the four principal egineering curricula 
was as follows: Mechanical engineering, 
9609, electrical engineering, 8616, civil, 
6473 and chemical, 3614. The number 
of graduates in each of the four curricula 
is considerably lower than it was last 
year. In mechanical engineering, 26.4 
per cent fewer graduated than in the 
previous year. About 30 per cent fewer 
were graduated in electrical engineering, 
11.5 per cent fewer in civil, and 18.3 per 
cent fewer in chemical. 

The data contained in this report are 
based upon a survey of engineering 
schools and colleges made in October, 
1951, under the joint sponsorship of the 
U. S. Office of Education and the Ameri- 
ean Society for Engineering Education. 
In accordance with an agreement reached 
by the joint committee of the Office of 
Edneation and the ASEE, all institutions 
listed in the Office of Education Directory 
of Higher Education ? which reported that 
they conferred degrees in engineering 
during 1950-51 * were requested to supply 

1 Education Directory, Part III, Higher 
Edueation, 1950-51. 

2 Earned Degrees Conferred in Higher 
Educational Institutions, 1950-51, Cireular 
No. 333, U. S. Office of Education. 
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data. Eight Canadian institutions were 
also included. Replies were received from 
all institutions accredited by the ECPD, 
from 44 other U. S. institutions, and from 
7 in Canada. 

As proposed by the joint ASEE and 
Office of Education Committee and ap- 
proved by the ASEE general council, the 
tabulations in this report list individually 
only the ECPD accredited institutions 
(eligible for active institutional member- 
ship in the ASEE) but contain data for 
the other U. S. institutions as a group and 
for the Canadian institutions as a group. 


Definition of Items: 


Period covered: Engineering schools 
were asked to report student enrollment 
as of October 5, 1951. A few institutions, 
however, because of late opening, were 


unable to report before late November. 
Degree data are for the period July 1, 
1950 to June 30, 1951. 

Undergraduate students: Institutions 
were requested to report by class level 
only those students enrolled definitely as 
candidates for an engineering degree. 
“Part-time students” (both day and eve 
ning) may include degree candidates as 
well as students who are not working 
toward a degree. 

Graduate students: Institutions were 
requested to “Report all students who 
have been admitted to formal graduate 
standing and are enrolled in graduate 
courses—regardless of the number of 
credit hours carried by the students, and 
regardless of whether the student’s work 
is administered by the engineering college 
or the graduate school.” 
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SECTIONS OF THE ASEE * 


and Affiliate 


At tive 
New England Section 
Univ. of Me 
Univ. of Vt. 
Norwich 
Dartmouth 
Univ. of N. H. 


Boston and Vicinity 
Tufts 
Harvard 
Lowell Text 
Mass. Inst. of Tech 
Wentworth Tech. Inst 
Franklin Tech. Inst 
Northeastern 

Worcester Poly 

Univ. of Conn 

Brown 

Univ. 

Yale 

Univ. of R. I 

U. S. Coast Guard Acad 

Bridgeport Engrg. Inst 


Inst 


Inst 


of Mass 


Middle Atlantic Section 


Stevens Inst. of Tech. 

New York and Vicinity 
College of the City of N. ¥ 
Columbia 
Cooper Union 
N. ¥. Univ 
Webb Institute 
Manhattan 
Academy of Aero 
RCA Institutes 

Brooklyn and Vicinity 
Brooklyn Poly. Inst. 

Pratt Institute 
Newark College of 
Rutgers 
Princeton 
Lafayette 
Lehigh 
Philadelphia and Vicinity 

Drexel Inst. of Tech 

Univ. of Da 
Villanova 
Swarthmore 
Univ. of Dela 


Engrg 


Capitol Section 


Johns Hopkins 

Univ. of Md. 

Washington and Vicinity 
Catholic 
Howard 
George 


Washington 


Upper New 


Clarkson College of Tech 
Rensselaer Poly. Inst 
Union 
Syracust 
Cornell 
Univ. of 
Alfred 
Univ. of 


Rochester 
suffalo 


* See 


Feb., 1948. 


“What Do You Know 


York Section 


About Your 
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Institutional 


Section ?” 


Me mbers 


Michigan Section 


Detroit and Vicinity 
Univ. of Detroit 
Chrysler Inst. of Engrg 

Wayne 


Univ. of Mich. 
Mich. State College 
Ohio Section 
Univ. of Toledo 
Sinclair 
Ohio Northern 


Cincinnati and Vicinity 


Univ. of Cincinnati 
Ohio Mech. Inst 
Ohio State Univ. 


Case Inst. of Tech 
Fenn 
Univ. of Akron 


Allegheny Section 


Pittsburgh and Vicinity 
Carnegie Inst. of Tech 
Univ. of Pittsburgh 
Westinghouse Tech 

West Virginia 

Pa. State College 

Bucknell 


Night Sch 


ol 


Southeastern Section 


Univ. of Louisville 
Univ. of Ky 

Va. Military Inst. 
Univ. of Miss. 
Univ. of Tenn 

Va. Poly. Inst. 
Univ. of Va. 

Duke 

N. C. State College 
Clemson 

Univ. of S. C. 
The Citadel 

Ga. Inst. of Tech. 
Univ. of Fla. 

Ala. Poly. Inst 
Tulane 


Univ. of Ala. 
Louisiana State Univ 
La. Poly. Institute 
Southwestern La. Inst 
Miss. State College 
Vanderbilt 


Missouri Section 


St. Louis and Vicinity: 
Washington 


St. Louis Univ 
Univ. of Mo. 
Mo. School of Mines 
Univ. of Ark. 
Ark. Poly. Inst. 
by B. J. Robertson, Jnl. of Engrg. Ed., 
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Illinois-Indiana Section 


Northwestern University 
Illinois Inst. of Tech. 
Univ. of Notre Dame 
Purdue 

Aero. Univ. 

Rose Poly. Inst. 
Bradley 


North Midwest Section 


Mich. College of M. & T. 
Marquette 

Univ. of Wis. 

State Univ. of Iowa 
Iowa State College 

Univ. of Minn. 

Univ. of N. D. 

N. D. Agric. College 

S. D. State College 

S. D. School of Mines 
Milwaukee School of Engrg. 


Kansas-Nebraska Section 


Univ. of Omaha 

Univ. of Neb. 

Kansas State College 

Kansas State Teachers College 
Univ. of Kansas 


Southwestern Section 


Okla. A. & M. College 
State Univ. of Okla. 
Univ. of Tulsa 
ey rn Methodist 

& M. College of Texas 
Rice Inst. 
Univ. of Texas 
Texas College of A. & I. 
N. M. College of A. & M. 
Univ. of N. M. 
Texas Tech. College 
Prairie View A. & 
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Rocky Mountain Section 
Univ. of Wyo. 
Colo. A. & M. College 
Univ. of Colo. 
Colo. School of Mines 
Univ. of Denver 


Pacific Northwest Section 


Ore. State College 
Univ. of Wash. 

State College of Wash. 
Univ. of Idaho 

Mont. School of Mines 
Mont. State College 


Pacific Southwest Section 


Utah State College 
Univ. of Utah 
Univ. of Ariz. 
Calif. Inst. of Tech. 
Los Angeles and Vicinity: 
Univ. of Southern Calif. 
Univ. of Calif. 
Cal-Aero Tech. Inst. 
Northrop Aero. Inst. 
San Francisco Bay and Vicinity: 
Univ. of Santa Clara 
San Jose State College 
Univ. of Calif. 
U. S. Naval P. G. School 
University of Nevada 


Unassigned 


Univ. of Toronto 
Ecole Poly. 

Queens 

McGill 

Univ. of Alaska 
Univ. of Hawaii 
Univ. of Puerto Rico 























The Gift of Engineering” 


By L. 


In the Beginning only Divine Force 
could have guided creation of the Universe 
and the evolution of life on Earth. All 
creatures endured the forces of nature 
until the mind of man matured. Then 
man’s desires sought satisfaction by inven- 
tion of tools to strengthen his hand. But 
tool making brought civilization with col- 
lective cares outreaching the ability of 
arms even when aided by the lever and 
wheel. Slowly our forebears began to dis- 
cover natural laws that explained the 
drawing of power from falling water, 
wind and steam. It was only in our 
fathers’ time that electricity on wires, and 
then on wireless waves encircled the earth, 
yet we have cradled atomic change and 
released the latent energy that lights the 
stars, thereby threatening the existence 
of our enemies and of our own children. 
It is the engineer’s destiny to control and 
direct power in order to “provide for the 
common defense, promote the general 
welfare,” and so to help “secure the bless- 


* From 
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ings of liberty to ourselves and our poster 
ity.” 

As an engineer you are given a favored 
part in this great design; without you 
the plan would be less perfect. When 
you build a bridge, design a dam, perfect 
a process or link power lines together you 
play a role in the achievement of human 
destiny. You therefore owe everything 
that you have to give in honest and sincere 
effort toward engineering progress. Dis- 
honesty is inconceivable in even the small- 
est detail of a professional mission. Care- 
lessness and sloth are but little less re- 
proachable. Integrity and energy deepen 
the luster placed upon the profession of 
engineer by the master builders of the 
past. Disclosure of advances must be 
given freely to aid in educating the engi- 
neers of the future. Thus with each gen- 
eration rising above the teaching of its 
forerunner, progress by employment of 
science is the gift of engineering to man- 
kind. With this gift must go the engi- 
neer’s unending effort that ethics may 
mark its use and morality remain its 
master. 
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Dartmouth College 
Annual Meeting, ASEE, June 23-27, 1952 


When the American Society for En- 
gineering Education visits the Dartmouth 
campus for its national meeting next June 
it will be gathering in former Indian ter- 
ritory that retains its tribal character only 
in the traditions of the college and in the 
nicknames of the Dartmouth athletic 
teams. 

It was his zeal in carrying his educa- 
tional and missionary work to the nor- 
thern tribes that prompted the Rev. 
Eleazar Wheelock to transport his Indian 
charity school from Connecticut to Han- 
over, in the New Hampshire wilderness, 
and there to plant the seed for one of 
the nation’s oldest and most distinguished 
institutions of higher learning. The royal 
charter of Dartmouth College was granted 
in 1769 by King George III of England, 
“for the education & instruction of Youth 
of the Indian Tribes in this Land in 
reading, writing & all parts of Learning 
which shall appear necessary and ex- 
pedient for civilizing and christianizing 
Children of Pagans as well as in all liberal 
Arts and Sciences, and also of English 
Youth and any others.” The college, 
whose founding funds had been raised in 
England by the Indian Samson Occom, 
was named for the Second Earl of Dart- 
mouth, its sponsor and benefactor in the 
mother country. 

Dartmouth’s educational work has been 
carried forward without a break for 182 
years—a record of continuous operation 
since its founding that is unique among 
the American colleges of pre-Revolution- 
ary origin. During that long span of 
years Dartmouth has held tenaciously to 
its original character as an undergraduate 
college of the liberal arts. It is true that 
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it takes pride in three small but excellent 
graduate schools in medicine, engineering 
and business administration, but its edu- 
cational program centers predominantly 
in the undergraduate college. 


“Dartmouth College Case” 


Aside from the rugged, rather romantie 
founding of the college in the wilds of 
New Hampshire—Vox Clamantis in De- 
serto is the college motto—two events in 
Dartmouth’s history have had particular 
importance in shaping its present char- 


acter and quality. The first was the 
famous “Dartmouth College Case” in 


which Daniel Webster came to the aid of 
his alma mater and successfully argued 
before the U. S. Supreme Court in 1818 
that the New Hampshire State Legislature 
could not violate Dartmouth’s charter and 
transform the college into a state uni- 
versity. This victory for the independent 
college was the great determining factor 
in Dartmouth’s continuing growth as a 
liberal arts college; and, indeed, it pro- 
vided a safeguard for the independence of 
every private institution in the land. 

The other great influence in Dartmouth’s 
history was the leadership of President 
William Jewett Tucker from 1893 to 1909. 
It was during this administration that 
Dartmouth began its real development 
from a provincial New England college to 
the national institution it is today. The 
broad outlines of modern Dartmouth were 
clearly envisioned by Dr. Tucker, who, 
although he had been a professor of 
theology, proved also to be a bold and 
skillful administrator. The groundwork 
he laid enabled Dartmouth to enjoy, im- 
mediately after World War I, perhaps 


JournNaL or ENGINEERING EDUCATION, Mar., 1952 














DARTMOUTH COLLEGE 


the greatest growth and development of 
any historie college in the country. The 
long administration of Dr. Ernest Martin 
Hopkins, from 1916 to 1945, was the per- 
fect complement to the Tucker period in 
sarrying even beyond fruition the plans 
made at the turn of the century. 
Dartmouth’s president today is Dr. 
John Sloan Dickey. He left a distin- 
guished career in law and government ser- 
vice to become head of the college six 
years ago. He has been intent upon 
sharpening the college’s educational pur- 
pose, with emphasis on public-mindedness 
as a core attribute of the liberally edu- 
cated man. This sharper focus on useful 
and intelligent citizenship has been most 
strikingly embodied in the Great Issues 
Course, inaugurated in 1947 as a require- 
ment for all seniors. A new Department 
of Russian Civilization, introduced this 
fall, has been another important step in 
relating the liberal arts curriculum to the 
issues and needs of the modern world. 


Three Associated Schools 


Dartmouth’s all-male enrollment this 
year includes 2,600 undergraduates and 
approximately 175 graduate students in 
the three associated schools. Total en- 
rollment in the latter schools is much 
larger, however, because of the Dart- 
mouth plan of having men begin their 
engineering, medical and business studies 
in the senior year. Although it is a New 
England College, Dartmouth draws two- 
thirds of its student body from other sec- 
tions of the country and normally has 
men from every state. In 1950-51, 
twenty-six foreign lands were also rep- 
resented in the student body, which is 
divided about evenly between men trom 
public and private preparatory schools. 
The freshman class, varying from 700 
to 750 each year, is chosen from an 
application list of three to four times that 
number. The admissions plan strives for 
economic diversity as well as a wide geo- 
graphic spread, and about one-fourth of 
Dartmouth students are granted scholar- 
ships or other forms of financial aid. 
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The amount of such aid this year will 
total $422,000. , 

The Dartmouth faculty of some 300 
members is large in comparison with the 
size of the student body and gives a ratio 
of teachers to students of about one to 
nine. Classes average about twenty-two 
men in size, but one-third of all courses 
have less than ten men enrolled. Small 
classes, with close, personal faculty super- 
vision, are especially the rule in the as 
sociated schools of engineering, medicine 
and business administration. Dartmouth 
faculty members have always enjoyed a 
rare degree of academic freedom and this 
is one of the traditions most zealously 
preserved by the college. 

The Dartmouth curriculum is divided 
into three division: the humanities, the 
sciences, and the social sciences. Thirty- 
two different departments are grouped 
under these three main divisions. In ad- 
dition to Russian Civilization, two other 
new departments were added this fall for 
the work of the Army and the Air Force 
ROTC Units which have joined the Navy 
ROTC Unit on the campus. The Dart- 
mouth educational plan  preseribes a 
balanced distribution of courses in the 
freshman and sophmore years, and allows 
freedom of election in the last two years, 
with each student required to major in 
one field of study and to demonstrate his 
mastery of that field by passing a com- 
prehensive examination at the end of the 
senior year. A number of inter-depart- 
mental majors are offered, and this year 
the new Department of Russian Civiliza- 
tion offers the first inter-divisional major 
in the college’s history. 

Students of exceptional ability are per- 
mitted to set their own educational pace 
by doing honors work under faculty 
tutors, and an even greater degree of 
freedom is given each year to a selected 
group of Senior Fellows who pursue their 
studies entirely outside of the regular 
curricular channels. The only degree 
awarded by the undergraduate college is 
that ‘of Bachelor of Arts. The Master’s 
degree is awarded each year to a small 
number of Teaching Fellows, usually in 
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Baker Memorial Library, Dartmouth College 


the sciences, and in a rare instance a 
graduate student might receive his Ph.D. 
at Dartmouth. 

The Great Issues Course, now in its 
fifth year, has attracted wide attention 
throughout the college world and has pro- 
vided the pattern for similar courses in at 
least twenty other institutions. Two fea- 
tures of special interest are the Public 
Affairs Laboratory in Baker Library and 
the plan of visiting lecturers whereby 
authorities of national and international 
repute are brought to the campus to lee- 
ture on each issue and to remain over for 
a give-and-take discussion with the senior 
class the next day. 


Baker Library, which has a special 
basement wing devoted to the Public 
Affairs Laboratory, houses 700,000 vol- 
umes and in its scholarly resources out- 
ranks the libraries of most of the large 
universities of the country. When it was 
completed in 1928 it provided the excep- 
tional center needed for the modern Dart- 
mouth curriculum with its emphasis on 
individual work and extensive reading in 
the student’s chosen field of study. Baker 
Library is operated on an informal basis, 
with an open-stack policy, a Tower Room 
for recreational reading, and smoking 
permitted in some of the reading rooms. 
The walls of the Reserve Room are 
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decorated with the famous murals by the 
Mexican artist Orozco. Covering three 
thousand square feet of wall space, the 
murals use the Aztec legend of Quetzal- 
coatl, the Great White Father, to depict 
the story of civilization on the North 
American continent. 

Baker Library, with its white Colonial 
spire, dominates the campus. Except for 
some of the earlier buildings, the Dart- 


mouth plant is of Georgian Colonial 
design. It spreads out over 175 acres of 


a plain on the east bank of the Connecti- 
cut River, dividing line between New 
Hampshire and Vermont. The college is 
excellently equipped in its phyiseal plant 
of fifty modern buildings, valued at more 
than ten million dollars. Total assets of 
the college also include endowment funds 
of twenty-eight millions. 
Winter Sports 

The north country location of the col- 
lege has fostered a distinctive sort of 
undergraduate life that has led to the 


widespread associating of Dartmouth’s 
name with outdoor life and winter sports. 





we 
~ 
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The major extracurricular activity on the 
campus is sponsored by the Dartmouth 
Outing Club, which offers a varied, year- 
round program that takes advantage of 
the magnificent natural environment of 
the college. The club maintains a chain of 
eighteen cabins and additional shelters, 
extending from the Vermont hills, just 
across the river, through the White Moun 
tains to the Dartmouth College Grant ot 
27,000 acres 140 miles north. Over one 
hundred miles of mountain trails are also 
maintained, and at Mt. Moosilauke, called 
“Dartmouth’s Mountain” because the col- 
lege owns the peak and one whole side, 
the D.O.C. operates the Moosilauke Ra- 
vine Lodge, a huge rustic camp where 
meals and lodging are available to the 
public as well as to Dartmouth men. Just 
this year Dartmouth has inherited from 
one of her graduates the summit of Mt. 
Washington, highest point in New Eng- 
land, and the famous cog railroad that 
runs up one side of the mountain. 

The Dartmouth Winter Carnival, a spot 
of relaxation between semesters every 
February, is sponsored by the Outing 
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Club, and so is the Dartmouth ski team, 
which for many years has been pre- 
eminent in this increasingly popular 
sport. The selection of six Dartmouth 
men for the 1952 U. S. Olympie ski team 
is striking evidence of the place that ski- 
ing holds in Dartmouth’s extracurricular 
life. Nearly every major college acquires 
some sort of trademark or distinction in 
the public mind, but it is doubtful if any 
other institution has ever been accorded 
virtual ownership of a season as has 
Dartmouth with respect to winter and the 
outdoor sports that go with the season of 
snow and ice. 

No description of Dartmouth should 
close without mention of the nationwide 
organization of alumni that has become 
one of the college’s greatest assets. One 
of the pioneer achievements of Dr. 
Tucker’s administration nearly sixty years 
ago was to assign to the alumni a central 
and serious role in the work of the college.. 
On this foundation Datmouth has built 
steadily and with great success, so that 
every year more than a thousand gradu- 
ates serve in official and semi-official 
capacities, while the rank and file of the 


Summer 


The Executive Board of the ASEE has 
authorized sponsorship of summer schools 
proposed by the Electrical Engineering 
Division and the English Division. Both 


summer schools will be held at Dartmouth 
College preceding the Annual Meeting. 
The theme for the Electrical Engineer- 
ing Division Summer School will be “Un- 
dergraduate Teaching of Electrical Cir- 
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25,000 alumni render a continuing sup- 
port without which Dartmouth could not 
have reached its prominent place in Amer- 
ican higher education. The work of the 
alumni has been especially effective in the 
Selective Process of Admission, under 
which they handle the entire interviewing 
job, and in fund-raising. The Dartmouth 
Alumni Fund this past year raised $577,- 
000 from 15,400 contributors. The per- 
centage of alumni giving to the annual 
fund—this year’s record was 65 per cent 
of all graduates and non-graduates—gives 
Dartmouth unchallenged first place in this 
aspect of alumni support. 

The intense loyalty of Dartmouth men 
is ascribed partly to the north country 
location of the college, where the com- 
parative isolation, the traditions, the mas- 
culine, outdoor life, the concentration in 
the college itself, all contribute to a unique 
and lasting spirit. Members of the Amer- 
ican Society of Engineering Education, 
visiting the quiet New England village of 
Hanover next June, may wonder whether 
this can all be truly so, but for Dartmouth 
men everywhere it is one of the cer- 
tainties of life. 


Schools 


euits and Fields.” It will be held on 
June 20 and 21, 1952, and the registration 
fee will be $1.50. For further informa- 
tion, address Dr. J. D. Ryder, Electrical 
Engineering Department, University of 
Illinois, Urbana, Illinois. 

A summer school on Sanitary Engi- 
neering has been proposed by the Civil 
Engineering Division. 














“What Type of Training Should Industry 
Provide for Co-op Engineering Students?”* 


By THOMAS HAND 
Acting Head, Research Dept., Corhart Refractories Co., Louisville, Ky. 


I had the fortunate experience of at- 
tending an engineering school that was 
one of the pioneers in the co-operative 
plan of education. 
required four years in the “salt mines”— 
one of the years being devoted to partic- 
ipation in the co-operative plan—I was 
fortunate in rising to a position with my 
company, in which I employ and super- 
vise co-operative students from my alma 
mater. 

Unfortunately, all my industrial co- 
operative work was limited to one com- 
pany and all my experience in supervising 
co-op engineering students has been with 
the same company. Thus, I can not be 
sure that our own plan will fit other 
industries. 

I can’t help thinking back to my school 
days when my fellow classmates would 
gather in bull sessions and swap experi- 


Having completed the 


ences concerning their co-op jobs. At 
that time—the late 30’s—co-op jobs were 
often considered simply as a source of 
Wage 
rates of 25 cents to 50 cents per hour were 
common, and the type of work performed 
was common labor, severely lacking in 
engineering aspects. This sort of thing 
was, at that time, quite permissible; shop 
unionization had not taken place to any 
major extent. Those were the days when 
supervisors were a part of the working 
force, and it was sometimes difficult to 


cheap labor for the Louisville area. 


* Presented at the Midwinter Meeting of 
the Cooperative Education Division, ASEE, 
at the University of Florida, January, 1951. 
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draw a line between and 
labor. 

Today, the pendulum has swung to an- 
other extreme. Most labor unions look 
upon the presence of the co-op engineer- 
ing student as an infringement upon their 
private rights; any position held by the 
co-op student takes bread from the mouth 
of a union member. This has been a 
deterrent to the co-op engineering pro- 
gram and has limited its actual use in 
many training programs. Attempts are 
now being made by several companies in 
the Louisville area to correct this fault. 
My own personal feeling on the subject 
is that the young engineer misses a lot if 
he does not have the experience of work- 
ing with his hands in industry before 
assuming a more responsible position. 


management 


Learning by Doing 


There are two views on this problem: 
First, there is the old school view, which 
is based upon “learning by doing” and 
which, incidentally, is the plan usually 
followed by the engineering school in re- 
quiring a student to perform laboratory 
experiments. I have never found a better 
training method than the old “do! do! do}, 
get your hands dirty, dig into the thing, 
find out what makes it tick” type of thing. 
Experiences of this sort can never be ob- 
tained at a school or office desk. For 
example, you can read all you want about 
the operation of a metal cutting lathe, 
but you’ll never know its real use and 
limitations until you get your hands on 
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one of the things and actually perform 
the operation 

Now, let us consider the other view on 
the problem. If we are prevented from 
allowing the co-op engineering student to 
work in our manufacturing facilities, the 
only other positions that could offer the 
essential training are in the laboratories 
and engineering offices And even the 
laboratory, in certain industries, comes 
under the control of the local labor union 
and is thus eliminated as a training 
ground. In this respect, we are limited 
in applying the technique of “learning by 
doing.” Therefore, we must educate our 
students, by book learning and conference 
discussion techniques. 

In developing a program of co-op engi- 
neering training, let us first set down the 
ideal program; then discuss a practical 
application of that program 

Where do our engineers usually wind 
up their careers, say 30 or 40 years after 
graduation from school? It goes without 
saying that the majority of engineering 
graduates wind up their careers in execu- 
tive positions somewhat above the fac- 
tory supervision level. Thus our training 
program should be similar to that of 
executive training and also supply the 
technical applications of engineering. 
The two must go hand in hand. If we 
slight one in favor of the other, we may 
bend the twig in the wrong direction A 
balanced program taking into account 
both these requirements would be ideal. 
The following program combines engi- 
neering training and executive training: 


Engineering Training 


. Skills of the Industry 
Related Training 

a. Math and Shop Problems 
b. Science of the Industry 
c. Blueprint Reading 

d. Product Knowledge 

e. Manufacturing Processes 
f. Maintenance of Equipment 
. Job Methods 

. Safety and Housekeeping 

. Waste Elimination 

. Engineering Economy 


noe 


nh 
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TRAINING FOR CO-OP ENGINEERING STUDENTS 


. Research—New Products 
. Research—New Techniques 
. Sales Techniques 


© @ 


Executive Training 
1. Human Relations 
- Company Policy 
. Company Morale 
. Job Relations 
Promotion Opportunities 
Labor Relations 
. Economies 
. Business Ethies 
9. Safety Standards 
10. Labor Contracts 
11. Law (Corporation and Labor) 
12. Forecasting New Developments 
13. Research Methods 
14, Publie Speaking 


NMA we 
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Subjects in this program have been 
arranged in the order of their importance. 
Theoretically, all should be given to an 
engineer who will eventually hold an 
executive position. Naturally the two 
areas should be sandwiched together in 
outlining the actual program. 

To give the co-op engineering student 
a thorough training in all these subjects 
in his alloted time would be impossible. 
As a matter of fact, it requires a lifetime 
to become proficient in all these phases 
of management. But I set out to outline 
an ideal training program and this is it. 


Ideal Program in Practical Form 
g 


Now, let me take this ideal program 
and try to fit it into a practical, useful 
form. In developing a practical program 
we must first make some assumptions. 
This program is designed to fit a small 
to medium-size industry with, say, less 
than 1000 employees. In industries of 
larger size there is usually a full-time 
training program functioning, which can 
easily be adopted for co-op engineering 
training. Here, I think, we are concerned 
with the average company where full-time 
training programs are not always feasible. 

Generally speaking, in smaller indus- 
tries four departments require some type 
of engineering skill: Production, Engi- 
neering and Maintenance, Development 
and/or Research, and Sales. 
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Let us assume that we are going to 
start with a co-op engineering student 
who has not yet had any industrial ex- 
perience and develop a well-rounded pro- 
gram of training for him. This student 
has probably just finished his basic studies 
in mathematics, chemistry, and physies. 
He has been oriented to think of things 
in scientific terms. He may have an idea 
that all that is necessary to solve a prob- 
lem in industry is to set up a mathematical 
equation or possibly a physics experiment, 
collect the data, set them into the proper 
pattern, and get the answer. Problem 
solved! Next problem. Simple, isn’t it? 
Let’s not kid ourselves; I know. I went 
through that stage, and the majority of 
students go through the same stage. 

Now this could be a definite detriment 
to co-op training if it is not fully realized 
and corrected as soon as possible. First 
impressions are difficult to eradicate. It 
is not necessarily the fault of the school: 
these boys have been sitting at a desk for 
eight hours a day, five or six days a week, 
for at least one and usually two years. 
They have had theory, pounded into their 
heads until it runs out their ears. Then 
all of a sudden comes a sad awakening: 
the realization that it’s not so easy to 
apply all these theories to actual problems 
and make them work as they may have 
been led to believe by the textbooks and 
their professors. 


Where to Start 


Our student is an individual—full of 
science and extremely anxious to put it 
to some practical use. Where shall we 
start him off to lessen his suffering when 
the light finally dawns? 

Looking over the four basic engineer- 
ing departments, we find that develop- 
ment, control, research, or one of their 
related components would be the most 
likely choice. Here would be the depart- 
ment to apply most directly the basic 
engineering fundamentals in which the 
student has had his training 

A typical first quarter training pro- 
gram might take the following form: 


Development—Researeh—Control 

Typical examples: 

1. Control work on process or product. 

2. Routine testing of product. 

3. Physical measurements on new prod- 
ucts. 

1, Preparation of laboratory samples. 

5. Gathering data from experiments. 

6. Gathering data from records. 


Now that our co-op student is located, 
we are ready to diseuss his duties within 
the department. This program will have 
to be quite general, because every industry 
is different—at least to some degree—in its 
manufacturing processes. In the majority 
of laboratories, certain routine control 
duties in some way reflect their findings 
toward control of the product or process 
being carried on or produced in the man- 
ufacturing department. This, we feel, is 
an ideal location to begin a co-op training 
program. There is usually a _ simple 
“cookbook” technique that has been re- 
peated daily for many years We know 
its limitations from past experience and 
usually take the results from the control 
operation with a grain of salt for a short 
time until our student has mastered the 
necessary technique. Shortly he will be 
able to turn in reliable and dependable 
results. 

Another caution we consider important 
is the choice of the particular student for 
certain operations. If the control opera- 
tion is fundamentally based on physics, 
we normally expect new co-op engineer- 
ing students from any branch of engineer- 
ing to perform satisfactorily. However, 
if the operation happens to be chemical, 
such as a chemical analysis, we are most 
cautious whom we might pick to fill the 
job. Inthe past, we have noted resentment 
when we asked mechanical or electrical 
engineering students to perform chemical 
operations. This should be avoided in the 
initial stages, if possible. Let us not for- 
get initial impressions; they may come 
back to haunt us later. 

Along with such control work, we sug- 
gest frequent trips into the production 
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department with a trained man familiar 
with the process. If meetings are held in 
the student’s department on topics that 
are of some value—yet not confidential— 
we find it best to admit the student as 
an observer. He should not take active 
part in the discussion until at least his 
second quarter of co-operative work has 
been completed. 

After one quarter of co-operative work, 
we feel that the student should be suf- 
ficiently oriented in industrial procedure. 
He no longer needs to be babied but can 
be given projects not necessarily in his 
chosen line of engineering. We feel that 
approximately 75% of the student’s time 
should be spent in performing his regular 
job and the other 25% should be given 
over to plant inspection trips, discussion 
of processes, or problems in the industry. 

As for human relations, we do not stress 
this point too much during the first co- 
operative period, for two reasons: (1) 
the student himself is going through a 
drastic change, and (2) we are also get- 
ting acquainted with him and his peculiar- 
ities. 

During the second quarter of co-opera- 
tive work, we usually try to acquaint our 
students with our plant engineering and 
maintenance departments. If the student 
is scientifically inelined, we usually allow 
him advanced training with the develop- 
ment, research, or control departments. 
A typieal program for the second quarter 
might take the following form: 


Plant Engineering and Maintenance 
Typical examples: 

1. Drafting 

2. Plant Layout and Planning 

3. Testing of New Equipment 

4. Maintenance of Production Equipment 
5. Blueprint Checking 

6. Simple Equipment Design Problems 
7. Bill of Materials for Construction 


Development, Research, Control 
Typical examples: 


1. Research project operator 
2. Special development problems 
3. Production problems 
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4. Time Study 

5. Patent Research 

6. Library Research 

7. Construction of Laboratory Equipment 


Human Relations Training 


During the second quarter, we begin our 
human relations training. The student is 
invited to attend supervisor meetings and 
allowed to become a member of the Com- 
pany Management Club, which holds 
monthly dinner meetings away from the 
plant. The student is given the opportun- 
ity to meet the operating staff. His work 
is so assigned that he must make contact 
with individuals or groups in order to 
advance. For example, if the student is 
assigned to the engineering department, 
he must make frequent trips into the plant 
in order to obtain dimensions for draw- 
ings of construction projects. Usually he 
needs some help. He must go to a fore- 
man of the construction or maintenance 
crew, who in turn assigns one of his men 
to aid in obtaining the necessary dimen- 
sions. In other words, we force the 
student to make personal contact. If the 
student is placed on library or patent re- 
search work, he must hold frequent dis- 
cussions with whoever is in charge of the 
project. 

Only rarely is a student allowed to work 
alone or to lead a project during his 
second or third co-operative period. 
However, we have had students—partic- 
ularly in the electronic field—who were 
more advanced in their type of work than 
any of our staff. In such case, we would 
outline the project, give the required re- 
sult, and put the student on his own. 
Meetings are held on each project two or 
three times a week, and members of the 
staff are asked to discuss the project with 
the student. Believe it or not, sometimes 
the staff members get a liberal education 
from the student. This association with 
students keeps the staff members on their 
toes and encourages them to keep abreast 
of recent developments. 

During the second quarter, the student 
is encouraged to keep accurate records 
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of his findings, if his position ealls for 
such records. Each project is brought up 
to date in the form of a written report at 
least once a month. When a project is 
completed, a final report is written and 
presented by the student. This gives the 
student the feeling of having contributed 
to the organization. 


Shift Within Production Department 


If the student returns to the Company 
for his third period of co-operative work, 
it usually means that he is “on the inside.” 
He is probably well liked and quite cap- 
able of fitting into the organization. 
The third quarter is usually spent with 
the production department. Typical ex- 
amples of such work are: 


Production Department 
Typical examples: 


1. Time Study 

2. Record Clerk 

3. Assistant to Department Supervisor 
4. Special Production Problems 

5. Observer for Quality Control 

6. Order Checking before Shipment 

7. Inventory Control 

8. Stock Room Clerk 


The student should be shifted from one 
job to another during his three months 
employment in the production department 
to give him the opportunity of meeting 
and working with many people. One 
month is usually the maximum time he 
spends in any position. He receives train- 
ing in labor relations, the labor contract, 
how to give orders, how to discipline em- 
ployees, personality development, how to 
work with people, and numerous other 
humanies necessary to the position he may 
hold. 

If the student passes through the pro- 
duction period with honors and chooses to 
return to the company for his fourth and 
last co-operative period, he is usually 
given training in the sales department. 
A typical schedule of such training is as 
follows: 


Sales Department 

Typical examples: 

1. Drafting 

2. Equipment Design 

3. Product Installation Drafting 

1. Product Design 

5. Bill of Material Preparation 

3. Field Trips 

7. Customer Contact 

8. Observer of Product Installation 


~~ ¢ 


Usually the personality of the student 
must be fairly well developed by this stage 
of the training program. He is given 
every opportunity to work out complete 
problems by himself, then diseuss his work 
with his superiors. Report writing is 
emphasized ; all customer contact and field 
trips must be reported in detail. He is 
instructed in the use of company records 
and where necessary information ean be 
obtained. 


Key Positions Filled by Former 
Co-op Students 


Our experience with this type of pro- 
gram has been very satisfactory. We are 
most appreciative of the opportunity to 
have students work with us; we all profit 
from the experience. Several key posi- 
tions with the company are now held by 
men who originally entered our employ- 
ment through the cooperative plan. It 
has the distinct value of allowing us to 
sereen people thoroughly. Sometimes we 
purposely throw stumbling blocks in their 
paths so that we may observe their tech- 
nique in solving knotty problems. If 
they make the grade, they are the men we 
are looking forward to having as key 
firures in our organization. 

In preparing this talk, I requested the 
opinions of several co-operative students 
on what they wanted to get from their 
co-operative work. You might be in- 
terested in their side of the problem. 
Here is a list of the high points they 
would like to stress in their training work: 


Contacts with industrial relations 
Personality in supervision 
Leadership in training 
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Opportunity of gaining respect of their 
superiors 

Discipline 

Cooperation 

Orientation 

Working with people 

Facts and figures 
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Conerete examples of industrial economy 
Cost economy 

Engineering economy 

Practical engineering experience 

Typical engineering problems 

How to think 

Hard work and plenty of it 


College Notes 


To meet the increasing demand from all 
types of planning agencies for engineers 
who have knowledge of planning methods 
and techniques, the College of Engineer- 
ing at Rutgers University will offer for 
the first time in September 1952 a eur- 
riculum leading to the degree of Bachelor 
of Science in Planning Engineering. The 
new program will incorporate courses in 
city and regional planning with a basic 
core of engineering subjects. The city 
and regional planning sequence may be 
taken not only by engineers, but also by 
students majoring in Economies, Sociol- 
ogy, and Political Science. Thus, Rutgers 
will bring together in the planning courses 
students representing the ~ major fields 
which are involved in planning operations. 


Harold L. Hazen, Head of the Depart- 
ment of Electrical Engineering at the 
Massachusetts Institute of Technology 
since 1938, will become Dean of the In- 
stitute’s Graduate School next July, James 
R. Killian, Jr., President of the Institute 
announced. Harold Hazen will succeed 
John W. M. Bunker, who has been Dean 
of the Graduate School since 1940. John 
Bunker, who joined the Institute’s staff in 


1921 as an assistant professor of physiol- 
ogy and biochemistry in the Department 
of Biology, will retire at the end of the 
academic year. 

Professor Frank A. Record has been 
appointed chairman of the electrical engi- 
neering department at Clarkson College 
and Dr. Theodore S. Renzema has been 
named chairman of the physies depart- 
ment. 


The Board of Edueation of Wayne 
University announced the acceptance of 
grants totalling $200,000 from General 
Motors Corporation and the Ford Motor 
Company for expansion and maintenance 
of the large-scale computing machine lab- 
oratory at Wayne University. 


A grant of $400,000 to the Massa- 
chusetts Institute of Technology from 
the Edwin Sibley Webster Foundation 
to establish an Edwin Sibley Webster 
Professorship of Electrical Engineering 
was announced by Dr. Karl T. Compton, 
Chairman of the Corporation of the In- 
stitute. 
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Today a great body of men, including 
those outside as well as inside of educa- 
tional circles, has arrived at the impor- 
tant conclusion that there is but one uni- 
fied fundamental objective for higher 
education in a democracy. This objective 
is achieved when through the processes 
of higher education young men and 
women develop their intrinsic abilities 
to perform, in a creditable manner, the 
work they want to do and to integrate, 
through service, their lives with those of 
the other members of their community, 
State and Nation. 


Twofold Objective of Engineering 


Education 


In order that engineering students may 
attain this fundamental objective their 
education must be planned to enable 
them to enter the engineering profession 
not only proficient in the scientifie-tech- 
nological areas of subject-matter but 
also well founded in the humanistic-so- 
cial areas of relationships with society. 
With objectives clearly developed in 
these two areas the engineering educator 
has at his disposal the material upon 
which he ean base essential teaching ob- 
jectives. 

The objectives of the scientific-techno- 
logical and the humanistic-social areas are 
the end results in subject-matter which 
the students should possess in proportion 
to their capacities to benefit from educa- 
tion. 

The teaching objectives are the end 
results which the students should acquire 
in the development of their mental power, 
personal attitudes, and habit formations 


AS) 


as a result of the efficiency and effective 
ness of the contaets with the members of 
the faculty. 

should be so 
planned and so conducted by the teacher 
that the students are progressively nearer 
to the achievements of the seientifie-tech- 
nological and humanistie-social objectives 
because the qualified teacher is progres- 
sively achieving the end results set forth 
in his teaching objectives. 


Hach and very course 


Objectives of the Humanistic- 
Social Stem 


On the one hand it should be clearly 
understood from the beginning that the 
scientific-technological stem applies only 
to the designation of the type of work 
and nature of thought and approach to 
a problem which sets the professional 
engineer apart in his community. On 
the other hand, the humanistic-social 
stem should be common to all men bene- 
fitting from the opportunities implied in 
higher education. 

The humanistic-social area of higher 
education and its subsequent application 
provides the universal medium in which 
man must funetion as a member of society. 
It is the medium in which each of us con- 
tributes our worth to the functioning of 
the community in which we live, be it the 
home town, the State or the Nation; it is 
the medium in which each of us par- 
ticipates and shares in the integrated 
worth of the entire community. 

We, as engineers, must give to as well 
as take from the benefits of our environ- 
ment. The development of the humanistic- 
social consciousness of the individual, be 
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he business man, or doctor, or lawyer, or 
public official, or craftsman, or engineer, 
provides him with the fundamental pre- 
requisites to enjoy the privilege of serv- 
ing and being served by the members of 
his community; provides him with an 
understanding of his own problems and 
aspirations in terms of the problems and 
aspirations of others in his community; 
and, finally, provides him with the power 
and satisfaction that comes from the real- 
ization that he is carrying his full share of 
the responsibilities of community partic- 
ipation, cooperation and leadership in 
compensation for the privilege of being an 
educated man as well as a respected and 
proficient engineer. 

“Humanistic-social thought dealing 
with the moral, ethical and political as- 
pects of man and his institutions seeks 
to question situations, to phrase prob- 
lems, to gather evidence, to weigh values, 
to make judgments and to direct conduct. 
It is subjective, qualitative, and seldom 
free from preconditioned emotional atti- 
tudes. Its pursuit in an atmosphere of 
neutral detachment is practically impos- 
sible. Conclusions are usually in terms 
of good or bad, right or wrong.” 

The 1940 report of the Committee on 
Aims and Scope of Engineering Curric- 
ula gives the following statement of ob- 
jectives for the humanistic-social stem: 


1. Understanding of the evolution of 
the social organization within which we 
live and of the influence of science and 
engineering on its development. 

2. Ability to recognize and to make 
a critical analysis of a problem involv- 
ing social and economic elements, to ar- 
rive at an intelligent opinion about it, 
and to read with discrimination and pur- 
pose toward these ends. 

3. Ability to organize thoughts logi- 
cally and to express them lucidly and 
convineingly in oral and written English. 

4. Acquaintance with some of the 
great masterpieces of literature and an 
understanding of their setting in and 
influence upon civilization. 
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5. Development of moral, ethical, and 
social concepts essential to a satisfying 
personal philosophy, to a career con- 
sistent with the public welfare, and to a 
sound professional attitude. 

6. Attainment of an interest and 
pleasure in these pursuits and thus of 
an inspiration of continued study. 


Objectives of the Scientijic-Tech- 
nological Stem 


According to H. S. Rogers: “Scientific- 
technological thought dealing with na- 
ture and her forces makes an effort to 
observe, to describe, to classify, to ana- 
lyze, to explain and to use constructively. 
It is objective, quantitative and logical 
and is pursued in an atmosphere of neu- 
tral detachment. It may be applied in 
certain humanistic-social studies as for 
example in the field of economics. Con- 
clusions are usually in the terms of 
truth or falsehood. This stem deals with 
objective realities. 

“Conclusions are accepted tentatively. 
We speak of principles and laws as 
truth with full realization of the fact 
that they are conditioned by the present 
state of knowledge. We utilize princi- 
ples which we know to be inaccurate be- 
cause they are currently the most useful 
tools available for the solution of prac- 
tical problems. Knowledge is consid- 
ered progressive and the current state 
approves and accepts, or corrects and 
amends the earlier.” 

The Report of Committee on Aims and 
Seope of Engineering Curricula, Dean 
H. P. Hammond, chairman, contains the 
following specific objectives for the sci- 
entifie-technological stem: 


1. Mastery of the fundamental scien- 
tific principles and a command of basic 
knowledge underlying the branch of 
engineering which the student is pursu- 
ing. This implies: 


a. Grasp of the meaning of physical 
and mathematical laws, and knowledge 
of how they were evolved and of the 
limitations in their use; and 
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b. Knowledge of materials, machines, 
and structures. 


2. Through understanding of the engi- 
neering method and elementary com- 
petence in its application. This’ re- 
quires : 


a. Comprehension of the interesting 
elements in situations which are to be 
analyzed; 

b. Ability to think straight in the ap- 
plication of fundamental principles to 
new problems; 

ce. Reasonable skill in making approxi- 
mations, and in choosing the type of ap- 
proach in the light for solution—in sum, 
a foundation for engineering judgment; 

d. Resourcefulness and originality in 
devising means to an end; 

e. Understanding of the element of 
cost in engineering and the ability to 
deal with this factor just as competently 
as with technological factors. 


3. Ability to select the significant re- 
sults of an engineering study and to 
present them clearly and concisely by 
verbal and graphic means. 

4. Stimulation of a continuing interest 
in further professional development. 


Differentiating Characteristics of an 
Engineering Curriculum 


The Institute of Civil Engineers was 
founded in 1828 in London. On a sub- 
ject-matter basis this one society sufficed 
the common technical and professional 
needs of its members. Even as late as 
1852 when the American Society of Civil 
Engineers was founded one society of- 
fered the necessary and sufficient service 
to engineers of that era. Since then 
there were founded what we call the prin- 
cipal branches of engineering such as 
mechanical, mining and metallurgy, elec- 
trical, chemical. Since 1900 these prin- 
cipal branches began to sprout twigs, 
twigs that in many instances have grown 
into branch size. Civil engineering, for 
example, also is represented by the 
American Railway Association, the 


American Concrete Institute, The Amer 
ican Waterworks Association. The same 
subdivision on a subject-matter basis is 
taking place in other engineering socie 
ties. 

On the one hand this trend in speciali 
zation continues as the subject-matter 
knowledge grows by leaps and bounds 
in every particular area of application. 
Furthermore, this trend in engineering 
specialization will continue to form new 
groups which will devote themselves to 
ever narrower fields of subject-matter in 
terms of basic scientific fundamentals, 
new technological science, technological 
empirical data, practical applications, 
and engineering experience. 

On the other hand engineering educa- 
tion must continue to emphasize the at- 
tainment of the objectives common to all 
engineering. Because specialization is 
the natural and logical trend in engineer- 
ing practice it becomes all the more im- 
portant for the engineering educator to 
determine the basic objects by which to 
prepare men for broad responsibilities 
of the engineering profession, for rigor 
ous intellectual requirements, for profes 
sional attitudes toward and habits of 
work, and for attitudes toward people, 
life and professional standards. In 
order that the students may achieve these 
ends the engineering educator needs to 
formulate specific teaching objectives 
and techniques. 

In an effort to inelude only those 
characteristics of the responsibilities of 
an engineer which clearly differentiate 
his edueation, knowledge and training 
from those of other professional men, 
Dean S. C. Hollister in behalf of the 
Committee on Engineering Schools of the 
Engineering Council for Professional 
Development formulated, in October, 
1949, a statement that will in all prob- 
ability be acceptable to most engineering 
educators and to practicing engineers. 
He proposes that 

“An engineer is characterized by his 
ability creatively to apply scientifie prin- 
ciples to design or develop structures, 
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machines, apparatus or manufacturing 
processes, or works utilizing them singly 
or in combination; or to construct or 
operate the same with full cognizance of 
their design, and of the limitations of be- 
havior imposed by such design; or to 
forecast their behavior under specific 
operating conditions; all as respects an 
intended function, economics of opera- 
tion, and safety to life and property.” 

The engineering educator is challenged 
to formulate teaching objectives that will 
apply to the education of all engineering 
students regardless of the special field of 
engineering they may choose to follow. 
These teaching objectives must be related 
to the functioning of thought, to the 
strengthening of character, personality 
and ideals, to the establishment of ethical, 
moral and political values, and to the de- 
velopment of effective habits of behavior 
and work. The purpose of these teach- 
ing objectives, then, will be achieved in 
proportion to the individual student’s 
capacity for development and to the in- 
dividual teacher’s skill in the art and sci- 
ence of engineering and education. 


First Objective 
The engineering curriculum is the pre- 
seribed course of study, a framework, 
within which all the subject-matter ob- 
jectives are to be achieved: There then 
follows 


TEACHING OBJECTIVE ONE: To design 
a curriculum whieh will inelude only 
those courses that are fundamental to 
every branch of engineering, that are 
basic to the particular curriculum of spe- 
cialization, and that are generally useful 
to an educated person. 

Objective One will be achieved when 
each teacher, in collaboration with his 
associates, arrives at acceptable answers 
to the following questions in terms of the 
conditions expressed in Teaching Objec- 
tive One: 

a. What 
humanistic-social stem including English, 
literature, history, economics, psychol- 


are the basie courses in the 


ogy, and human relations essential to the 
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pursuit of engineering work and to the 
participation in community responsibili- 
ties? 

b. What are the basie courses in 
mathematics, chemistry, physies, geology 
and biology essential to the development 
and understanding of the fundamental 
technological sciences—staties, strength 
of materials, dynamics, fluid mechanics, 
thermodynamics, electronics, aerodynam- 
ics, and soil mechanics? 

e. Which of the technological sciences 
are common to all branches of engineer- 
ing and which are necessary to the spe- 
cialized branches of engineering? 

d. Which applied technological courses 
are absolutely essential adequately to 
prepare a student for entering his chosen 
branch of engineering? 

e. How far shall the engineering col- 
leges go in designing special curricula 
for offshoots from the established major 
branches of engineering? That is, shall 
engineering educators design complete 
curricula in Construction Engineering, 
Radio Engineering, Foundry Engineer- 
ing, Welding Engineering and the like? 


Second Objective 


The individual courses in each curric- 
ulum are the mediums in which the ma- 
nipulative techniques, knowledge, funda- 
mental theories, and technological prac- 
tices and standards are learned by the 
students. Furthermore, and importantly, 
these individual courses offer the medi- 
ums for direct student-teacher contacts. 
These lead to 


TEACHING OsJectTIVE Two: To develop 
in each course the abilities which each 
student should acquire and improve. 

Objective Two will be achieved when 
each teacher will formulate his answers 
to the following questions: 


a. What manual and operating skills 
are absolutely essential in future courses 
and later engineering practice? 

b. What basic knowledge—generic 
principles, simplifying assumptions, em- 
piricisms, derived principles and working 
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formulas, and specifications and codes of 
practice—should be included as the mini 
mum requirement for subsequent use by 
the student in college and in engineering 
practice? 

ce. What opportunities does the course 
offer for the exercise and development ol 
reasoning power which will enable the 
student to arrive at correct conclusions 
which ean be verified? 

d. How ean the exercise of judgment 
be introduced throughout a course so that 
the student may make tenable decisions 
and choices based upon previous experi- 
ences in work, theory and application? 
These judgment decisions are made with- 
out formal process of solving the prob 
lem. Since judgment is based on past 
experiences the mind rapidly associates 
the new situation with similar situations 
in the past and arrives at a selection, 
choice, conelusion or solution. 

e. What opportunities does the course 
offer for creative thinking by the stu- 
dent? 

Third Objective 

In commenting on who is a good 
teacher, W. H. Lancelot concludes, “In- 
deed, most of us will agree that the deep- 
est currents of our lives have been 
turned and strengthened by our really 
good teachers; and most of us know full 
well which ones exercised this fateful, yet 
beneficent, influence over us. How they 
accomplished these things is probably 
not clear to us even yet. We can see, 
however, that the skill which they pos- 
sessed was of a strange order. It was 
unlike the skill of the surgeon, or the 
engineer, or the scientifie investigator. 
It may even appear to have been a higher 
order of skill than any of these processes; 
and this may be true, since teachers deal 
not only with processes of life and na- 
ture, as do they, but with things that are 
even less tangible and predictable and 
that are harder to control, such as mental 
activity and human emotions.” 

Certainly, those teachers who are con- 


sidered to be good by generation after 


generation of students must possess a skill 


HING OBJECTIVES 327 
in the art and science of teaching on a 
scale comparable to the skill of the em 
inent lawyer, doctor, engineer, minister or 
business man. The recognition that there 
is a science to teaching leads to 


TEACHING OBJECTIVE THREE: To 
master the teaching skills whereby the 
objectives of the curriculum as a whole 
and of each course as a unit may be 
achieved in a positive manner by the 
students. 

The teacher will achieve this objective 
when he perfects his skills in motivating 
his students to take full advantage of the 
opportunities offered in each course for 
the development of their manual, mental, 
moral and social capacities. 

To acquire and to improve these 
teaching skills and thereby to achieve 
Teaching Objective Three each teacher 
must devote careful and intelligent effort 
in answering the following questions. 


a. What are the principles of arousing 
genuine interest and how can these prin 
ciples be applied in each course? 

b. How can the students be stimulated 
to strive toward high ideals and mature 
purposes ? 

ce. What techniques are available to the 
teacher so that his students will gain a 
true relationship between new facts, theo 
ries and principles and those already 
experienced? How can the ability to 
understand be stimulated and strength 
ened? 

d. What are the techniques by which 
the abilities, namely, manual skill, basic 
knowledge, reasoning, judgment and ere- 
ative thinking, may be put into action 
spontaneousiy as they are needed by the 
students? 

e. What means are available to the 
teacher to bring about those emotional 
responses and attributes which give the 
students the urge toward high and worthy 
professional and community achievement? 


Fourth Ob je cetive 


Perhaps the most characteristic fune 
tion performed by the engineer is that 
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of solving problems. In the solution of 
his problems the engineer employs a defi- 
nite sequence of thought and a special 
body ot knowledge based upon facts and 
principles which have been classified as 
follows in the 1944 Report of Committee 
on Engineering Education After the 
War: 


1. Generic Principles of the funda- 
mental sciences. 

2. Basic Assumptions which are made 
for the purpose of simplifying the con- 
ditions of the problem and the related 
mathematical solution of the physical 
phenomena. 

3. Empiricisms such as physical con- 
stants and properties of materials which 
have been observed and measured in the 
field or in the laboratory. 

4. Derived Principles forming the 
theoretical and fundamental background 
for the applied engineering practice. 

5. Specifications, standards and codes 
which represent the engineering profes- 
sion’s accumulated experience in analysis, 
design, production and construction. 


Since the ability to solve problems in- 
volves a tremendous amount of operating 
skill, theoretical and empirical knowl- 
edge, reasoning power, judgment de- 
cisions, and creative thinking, it seems 
reasonable to set up 


TEACHING OBJECTIVE Four: To pre- 
pare problems whereby the student may 
test his powers of applying engineering 
thought and practice in terms of the 
fundamental abilities that typify the 
thinking processes. 

To achieve this objective the teacher 
should be prepared to answer the follow- 
ing questions relating to the design of 
thought-provoking rather than memory- 
testing problems. It has been said that 
“Where there is no thinking there is no 
learning; where there is no learning 
there is no teaching.” 


a. What are the distinguishing charac- 
teristics of good problems? 

b. How can problems be designed so 
that the objective is the solution and not 
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the mere repetition of memorized facts 
and procedures? 

e. Should problems preferably reflect 
actual life situations? 

d. To what extent should simplifying 
assumptions be introduced ? 

e. Is it desirable to select concrete 
problems to which knowledge, previously 
acquired, may be applied? (Deductive) 

f. How can problems be designed to 
assist in the understanding of knowl- 
edge? (Why, causes, reasons, explana- 
tions) 

g. How can problems be used to es- 
tablish new facts or generalized truths? 
(Inductive) 


Fifth 


In addition to the mastery of knowl- 
edge and development of the power of 
constructive thinking there should be a 
continual growth in the personality of 
the student. This goal leads to 


Objective 


TEACHING OBJEcTIVE Five: To bring 
forth and strengthen the personality 
traits of each student in terms of personal 
effectiveness whereby each student may 
succeed intellectually and in terms of 
social effectiveness whereby each student 
becomes appreciated and respected by 
his associates. 

To achieve this objective the teacher 
should study what techniques are available 
after he has determined the major per- 
sonality elements of traits that make up 
personal and social effectiveness. These 
techniques should be applied throughout 
each course and paralleling all contacts 
with the students. He should develop 
answers to the following questions: 


a. How can the following traits of 
personal effectiveness be developed in 
students while they are pursuing their 
regular course work? 


1. Confidence 5. Enthusiasm 
2. Initiative 6. Integrity 

3. Thoroughness 7. Dependability 
4. Industry 8. Accuracy 


b. How can the following traits of 
social effectiveness be developed in stu- 
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dents while they are pursuing their regu- 
lar course work? 


1. Appearance 5. Tolerance 

2. Physical vigor 6. Cheerfulness 

3. Social qualities 7. Spirit of service 

4, Tact . Emotional con- 
trol 


-P 


Siath Objective 


The engineering method of thought is 
generally explained as the differentiating 
characteristic of the approach and solu- 
tion of a problem by an engineer in con- 
trast to the approach and solution em- 
ployed by others. Professor D. W. Mead 
has said: “The purpose of technical edu- 
cation is not so much to impart technical 
knowledge to the student as to furnish 
training which will enable him to think 
clearly and accurately, 


a. To understand and investigate the 
conditions which surround a problem, 

b. To determine the fundamental prin- 
ciples upon which its successful solution 
depends, 

e. To ascertain and analyze the ele- 
ments which influence or modify it, 

d. To design the structures, machines, 
engines and works needed for its success- 
ful development, 

e. To supervise the proper construc- 


‘tion of such works and production of 


such machines, engines and equipment, 
and 

f. To carry them to the consummation 
of a successful and economical comple- 
tion.” 


These observations lead to 


TEACHING OBJECTIVE S1x: To develop 
the ability to think well in both the sci- 
entifie-technological and humanistic-so- 
cial areas. 


To achieve this objective the teacher 
should assimilate the basic principles of 
the laws of learning and he should apply 
these in all his contacts with students in 
the lecture room, design class, and labora- 
tory. In preparing himself the teacher 
should seek answers to the following 
questions: 


a. What types of problems and ques- 
tions will stimulate alert association of 
the requirements of the new problem with 
previously acquired knowledge and con- 
cepts during each class period? 

b. How can each assignment become 
either a problem-solving process or a 
process of organizing and interpreting 
qualitative and factual data? 

ce. How can the habits of the students 
be oriented and established by reaching 
an early inference as to the probable 
answer of the problem, by search for fur- 
ther available pertinent information, by 
arriving at a conclusion in agreement 
with the available data, and by testing 
the soundness and validity of the conelu- 
sions? 

d. How can student discussion be moti- 
vated, sustained and directed? 

e. Can students be trained to test their 
own conclusions? 

f. How can clear thinking, accurate 
reasoning and sound judgment be intro- 
duced into student work and discussion? 

g. How can the creative urge be awak- 
ened, directed and developed? 


Seventh Objective 


To do one’s best there must exist an 
inward desire for improvement, achieve- 
ment and service. Ideals are the prime 
motivators that cause men to contribute 
their skills and possessions for self-im- 
provement and for the improvement of 
their social and physical environment. 
Therefore, there is needed 


TEACHING OBJECTIVE SEVEN: To lead 
students to adopt high ideals toward 
their work, their thinking and toward 
their relationships with other men and 
groups. 

The teacher may acquire the guiding 
principles to the stimulation of his stu- 
dents’ desire to strive for ideals by ar- 
riving at conclusions or answers to the 
following questions: 


a. What ideals does the teacher pos- 
sess? 

b. What are the motivating elements 
that cause students to respond to ideals? 
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e. Do interest in the subject and re- 
spect for the teacher contribute to the 
acceptance of ideals by the students? 

d. Is there a limit to the nature of 
ideals which students comprehend? Are 
the ideals acceptable by Freshmen less 
challenging than those by Seniors? 

e. Is there any relationship between 
the value of an ideal and the expenditure 
of thought, time, energy and expense to 
achieve it? 

f. Can ideals be imposed or preached 
or must they be accepted by the free will 
of students on the basis of appropriate- 
ness and merit? 

g. To what extent do feeling and emo- 
tion enter into the motivation of ideals? 

h. Can the proper emotional situation 
be created for arousing ideals? 

i. How can a student be led to the eon- 
viction that there is merit in an ideal so 
that he will spontaneously work toward 
the achievement of an ideal? 

j. Are people likely to let others know 
about the ideals they have set for them- 
selves? 

k. How can ideals be kept alive and 
growing? 

1. What approaches are available to 
interest students so that they will choose 
high ideals voluntarily and that they will 
pursue them intensely and continuously 
through their lives? 


Conclusions 


It is entirely possible to achieve the 
general purpose of education in engi- 
neering by emphasizing performance in 
work, power in thinking, and ideals in 
attitudes and in behavior. 

The curriculum offers the framework 
for acquiring the mastery of knowledge 
in the scientifie-technological and the hu- 
manistic-social areas of thought and ac- 
tion. 

The method of teaching offers the 
framework for acquiring the power of 
constructive thought by students. 

The power to think breathes life into 
the body of knowledge. The power to 


think is the chain-reaction of the mind 
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whereby infinite applications can be made 
from a finite amount of knowledge. The 
power to think creates and extends the 
boundaries of knowledge. The power to 
think is life; the mastery of knowledge 
is substance. The two are inseparable. 
They exist together; they perish alone. 

Thus the time is at hand when eduea- 
tors must rise to the challenge that there 
is ascience and art applicable to teaching. 
Unless this science and art of teaching is 
applied to the development of the power 
in thought of students, the mastery of 
knowledge will be still-born and of little 
use. 


Teaching Objectives 


1. To design a curriculum which will 
include only those courses that are funda- 
mental to every branch of engineering, 
that are basic to the particular curric- 
ulum of specialization, and that are gen- 
erally useful to an educated man. 

2. To develop the abilities (to do and 
and to think) which each student should 
acquire and improve in each course. 

3. To master the teaching _ skills 
whereby the objectives of the curriculum 
as a whole and of each course as a unit 
may be achieved in a positive manner by 
the students. 

4. To prepare problems whereby the 
students may test their powers of engi- 
neering thought and practice in terms of 
fundamental abilities that typify the 
thinking processes. 

5. To bring forth and strengthen the 
personality traits of student in 
terms of the personal effectiveness 
whereby each student may succeed intel- 
lectually and in terms of social effective- 
ness whereby each student becomes ap- 
preciated and respected by his associates. 

6. To develop the ability to think well 
both in the scientifie-technological and 
humanistic-social areas. 

7. To lead students to adopt high 
ideals toward their work, their thinking 
and toward their relationships with other 
men and groups. 
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General Education in the Land-Grant 
Institutions 


By EDMUND E. DAY 


Chancellor Emeritus, Cornell University 


Right at the start of our consideration 
of the subject before us on this occasion, 
a question of orientation needs to be 
raised: To what extent should general 
education in the land-grant institutions 
be different from general education in 
other types of institution? 

In giving answer to this question, ref- 
erence is bound to be made to the state- 
ment of purpose in the founding Morrill 
Act of 1862. This Act set up its large 
granted public lands for the endowment, 
support, and maintenance of at least one 
college in each state or territory where the 
leading should be “to teach such branches 
of learning as are related to agriculture 
and the mechanie arts.” But other parts 
of that original statement of purpose are 
today of equal importance. Thus the 
Morrill Act stated explicitly that “other 
scientific and classical studies” were not 
to be excluded. Even more significantly, 
it coneluded its declaration of purpose 
with these words: “in order to promote 
the liberal and practical education of the 
industrial classes in the several pursuits 
and professions of life.” 

The “industrial classes” of 1862 were 
the farmers and laborers—the common 
folk of the time. What the Morrill Act 
undertook to provide for these people was 
higher education that was both liberal 
and practical. It was to be education fit- 
ting the common man for the “several pur- 
suits and professions of life.” 

I question whether any broader charter 
for general education could have been 
drawn. True, as a matter of historical 


development, the land-grant institutions 
have stressed the practical, scientifie and 
professional. But the charge under which 
they were established gave them eduea- 
tional responsibilities of a comprehensive 
character. This has been strikingly re 


flected in the more recent deve lopment of 


the land-grant colleges and universities. 
As matters now stand, it would seem per- 
fectly clear that the land-grant institu- 
tions have the same obligations with re- 
spect to general education that other 
comprehensive institutions of higher learn- 
ing have—perhaps no more but surely no 
less. It is on the basis of this conception 
of their function that I shall make my 
observations on what may be expected of 
general education in the land-grant in- 
stitutions in this second half of the 20th 
century. 

Interest in general education was never 
more widespread than it is today. This is 
true both inside and outside the teaching 
profession. Lay discussion of educational 
problems is reaching an all-time high. 
Part of this lay interest probably stems 
from a concern of parents over what ap- 
pears to be happening to their own chil- 
dren. But a wider source of interest lies 
in an almost universal anxiety over the 
state of the world. Values we have long 
cherished seem to be in jeopardy. Estab- 
lished customs are being uprooted. Ad- 
s outstripping our 


vanecing technology 
means of social control. Divisive forces 
threaten our basie social solidarity. We 
have become more and more confused, 
uncertain and distrustful. We look about 
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for help. What more natural than to 
assert: Education should be contributing 
more than it is! 


Capacities of Formal Education 
not Unlimited 


It should be. But just what, and how? 
The capacities of formal education are not 
unlimited. Home and church share the 
responsibilities which school and college 
have to carry. Moreover, powerful in- 
fluences, such as those exerted by movies, 
magazines, newspapers, radio, and now 
television, may adversely affect what 
formal education is trying to do. We are 
most likely to make formal education 
more effective if we recognize from the 
outset the bounds within which it has to 
operate. 

Kiven with these limitations recognized, 
the role of formal education is tremen- 
dously important. The schools have pos- 
session of the nation’s children and youth 
for a substantial part of their waking 
hours during most of the formative years 
of their lives. What the schools can do 
with this opportunity is immeasurably 
great. This is especially true in a period 
of turmoil and conflict. The responsibil- 
ities of formal education in America were 
never greater than they are right now. 

These responsibilities can be spelled out 
in terms of the purposes of total educa- 
tion in a free society. If terms are kept 
general the present task of education can 
be described in a number of different 
ways. We may speak of the task as one 
of transmitting the cultural heritage. We 
may refer, on the other hand, to the job 
of promoting the greatest attainable in- 
dividual growth and development. Or we 
may cite the necessity of inducing an 
adequate individual and collective disci- 
pline of body, mind, and spirit. We may 
spell out the human traits, relationships, 
and organizations requisite to the pres- 
ervation of freedom. We may specify 
the social arrangements and controls de- 
manded by advancing science and tech- 
nology. These and other identifications of 
the task of education in a modern free 
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society advance ideas which are certainly 
germane to the shaping of formal educa- 
tion for the kind of world in which we 
now live. However, they all have the 
same deficiency. They leave wide open 
the problem of formulating conerete ed- 
ueational programs. 


Obstacles 


The translation of general educational 
purposes into specific school and college 
programs encounters all sorts of obstacles. 
Three sources of chronic difficulty may be 
cited: (1) disagreement as to the nature 
of the learning process; (2) competition 
of specifie educational interests; and (3) 
excessive generality of statement in the 
formulation of objectives. 

The extent to which learning should be 
sought through the exercise of arbitrary 
authority by the. teacher has been a sub- 
ject of dispute among both edueators and 
laymen for generations past. The debate 
has become somewhat acrimonious in re- 
cent vears. 
the importance of making materials and 
methods “meaningful” to the learner. The 
conservatives have stressed the necessity 


The progressives have urged 


of elass-room discipline. On balance in 
the dispute, the importance of learner in- 
terest has been increasingly recognized. 
In due course, as views become less ex- 
treme and educational research makes 
further progress, this area of disagree- 
ment promises to assume less formidable 
proportions. 

A competition of interests lurks in every 
edueational program. Demands have to 
be compromised and brought into some 
sort of balance. The essentialists clamor 
for more attention to the “3 R’s” while 
others urge the necessity of widening the 
range of the learners’ interests and ap- 
preciations. The vocationalists play upon 
the natural concern of youth with that 
first job and jam the program of instrue- 
tion with technical offerings. The correc- 
tive for all this is a comprehensive view 
of the relative importance of values to be 
sought through total education. Such a 
comprehensive view is an essential of 
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statesmanship. The broad 


educational 
view cannot easily be had but if achieved 
will resolve many of the most serious con- 
fliets with which formal education in re- 
cent years has been afflicted. 


Excessive generality of terms is a per 
sistent ailment of statements of edueca- 
tional goals. Thus it is all very well to 
state that it is the job of education to 
produce the “good citizen,” or the “extra 
ordinary American,” or to prepare young 
people for “wholesome home and family 
living,” or to induct those who 
freedom into the “good life.” The trouble 
with such statements, clearly enough, is 
that they can “mean all things to all men.” 
Hence they do not start anything. State- 
ments of educational purpose should stir 
If they do not 
versial the chances are they are too gen 
eral. In other words they are not suf 
ficiently specific. A higher order of spee- 
ificity is the current 
discussions of the purposes of education. 


enjoy 


people. prove contro- 


erying need of 


Educational Oh ier tives 


There are those edueators who will con- 
tend, ordinarily with some show of im- 
patience, that it is a waste of time to talk 
any more about edueational objectives. 
The idea is that all that can be said on 
the subject has been said, or that eon- 
sideration of this partieular aspect of 
education has passed the point of profit- 
I am myself convinced that 
We are still 


more 


able return. 
this is not at all the ease. 
very much in need of a incisive 
discussion of just what we are trying to 
do educationally. 

It is as if we were navigating at sea 
It made sense for Columbus to set sail 
with no more definite idea than to sail 
west. But what shipper, unless on pleas 
ure bent, would sail out into the ocean 
today without a definite country or port 
of destination? Furthermore what cap 
tain of a ship would sail without knowing 
the means by which to guide his course? 
It is high time that education charted its 
course more specifically. 

There are at least three different ap- 


~~ 
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educational 
objectives. We may think in the first 
place in terms of the physical, intellectual, 


proaches to the analysis ol 


emotional and motivational growth, and 
maturation of the individual. Or we may 
recognize the various roles or functions of 
the individual 
producer, home-builder, parent, neighbor, 


in society; as consumer, 
citizen—ot the local community, the state, 
the nation, the world—and as an in 
tegrated person seeking the “good life.” 
Or instead of these approaches we may 
come at the analysis of objectives in terms 


1} 


ot specific outcomes: interests, skills, 
knowledge, understanding, attitudes and 
ideals, habits. 
that this third approach is the one most 
likely to prove fruitful, keeping in mind 


all the time the various roles the individual 


It is my considered opinion 


will be ealled upon to play. 

Let us agree then, at least for the pres 
ent diseussion, that it is the job of total 
edueation to: (1) arouse interests; (2) 
develop skills; (3) convey knowledge; (4) 
impart understanding and appreciation; 
5) establish attitudes and 
(6) cultivate habits. We are then faced 


ideals; and 


with very conerete questions. What spe 
cific interests, skills, 
standing and appreciation, attitudes and 
ideals, and habits are to be sought? 
Which of these are to be regarded as of 
most importance, which of lesser import 
What means, curricular and extra- 


know ledge, under 


ance? 
eurrieular are to be employed in the effort 


to secure the desired outcomes ? 


These 
are some of the questions that have to be 
faced squarely and constructively if educa- 
tion is to render a greater total service in 
the present troubled world. 


Lines Along Which Thinking 
Needs to Proceed 


To pursue this line of thinking all the 
wav through to definite conelusions would 
vailable on 


this oeeasion. All I ean hope to do here 


take a lot more time than is a 


is to suggest by way of illustration the 


lines along which thinking needs to pro 
ceed. 
Take the subject of interests. One of 
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the earmarks of advancing civilization is 
a greatly expanded range of sustained in- 
terests. Primitive man was satisfied with 
little, modern man wants much. Many of 
his articulate wants relate to devices and 
implements of every sort. With reference 
to arousing interest in material 
possessions, formal education needs to do 
little if anything. The advertisers take 
eare of that. But what of interests in 
people, with special reference to the strik- 
ingly diverse conditions under which they 
live and strive? What of interests in art 
and the things that make for beauty in 
life? What of interests in the joys and 
satisfactions of the intellectual life? 
What of interests in the struggles and 
aspirations of the human spirit? The 
drives of materialism, opportunitism and 
provineialism are formidable in the world 
of today. Formal education is charged 
with the duty of doing all it possibly can 
to arouse interests that will combat these 
threatening forces of the current 
order. 

What of necessary skills? The 
R’s have, of course, long been recognized. 
In recent years, the importance of speak- 
ing and listening is being more and more 
arts of 
munication are certain to be ineluded in 
any listing of the skills to be cultivated 
through formal education. The problem 
here is not one of setting objectives but 
of raising the level of their attainment. 
The same is true of certain closely related 
goals having to do with the ability to 
think logically, objectively, reflectively, 
imaginatively, and constructively. There 
is a better training of the mind at all 
levels of native intelligence which is des- 
perately needed these days. But these are 
matters with respect to which educators 
will not seriously disagree, at least so far 
as the purposes and ideals of education 
are concerned. 

Sut what of certain other skills? Take, 
for example, those skills which relate to 
bodily controls and physical coordination. 
These certainly have their bearing upon 
the maintenance of physical health. And 
how about those skills which facilitate 


these 


= ’ 
social 
three 
com- 


stressed. In general the 


GENERAL EDUCATION IN LAND-GRANT INSTITUTIONS 


well- 


wholesome recreation; such as a 
grooved golf swing acquired at age 12! 
Should skills of this sort be of any con- 
cern to education. 

Then there are those skills which have 
to do sound human relations in a 
free society. How to get along amicably 
and effectively with others is a definite 
art. It varies with the degree of intimacy 
involved. Some individuals grow up ex- 
ceptionally endowed for suecess in the 
practice of this art; others have to learn 
the hard way. But learn they ean, at 
least in some measure, if they are wisely 
instructed. Skill in cooperation is an ex- 
tremely important skill in a democracy 
such as ours. To what extent and by what 
means should formal education undertake 
to develop it? 


with 


Other Skills 
Other skills that have to be considered 
fall into the field of the arts. 
There are latent possibilities along this 
line that have still to be fully explored. 
Then there are skills that many people 
need to acquire to achieve emotional stabil- 


creative 


ity. The requirements of mental hygiene 
become increasingly clear. Some involve 
skill in developing certain practices and 
avoiding others. Perhaps these are skills 
that lie beyond the reach of formal educa- 
tion, but the area is one that invites eare- 
ful analysis. 

Skills that have to do with specific voea- 
tions or professions fall outside the scope 
of general education, but are clearly 
enough recognized in total education. By 
and large, edueation succeeds remarkably 
well in developing these particular va- 
rieties of skill. In so far as deficiencies 
develop in this type of educational under- 
taking, they are likely to take the form 
of an unduly restricted conception of the 
skills the learner is likely to need later on 
in his working career, say, at age 45. 

Let us turn next to knowledge as an 
educational Here the basic 
question is: knowledge to what end? It 
may be contended that knowledge is an 
Is it not true that “knowl- 


objective. 


end in itself. 


edge is power”? But education is packed 
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the sort 
instruction is 


with evidence that knowledge of 
conveyed in 
highly 


class room 
ephemeral, and quite commonly 
divorced from any subsequent behavior of 
the learner. 
tional planning will be markedly improved 
it knowledge is regarded as a 
an end—the end 
desired outeomes ot 
undertaking. 

Even so the ineuleation of knowlege as 


The chances are that educa 


means to 
+ ; . 
found in other 


the total 


being 


educational 


such remains 


major educational objec 
tive. We theretore face the problem ol 
deciding what convey. 
Without attempting to give the whys and 
wherefores, I would myself identify the 


knowledge to 


following subject matters for inelusion in 


the total program of general education: 


1. The physical universe. 

2. Human growth and development. 

}. The Great Society. 

4. The eultural 
reference to the 
tradition. 

5. The 
Democracy on a world-wide seale. 

6. Human relations with emphasis on 
moral and spiritual values. 


heritage with special 


Judeo-Christian 
and 


meaning implications of 


7. The nature of knowledge and of its 

acquisition. 

Whether or not knowledge in fields such 
as these has been actually imparted can 
be ascertained, of course, by appropriate 
What is more, its 
be encouraged by later examinations of a 
This 


is one of the areas in which formal eduea 


testing. retentioin ean 


general or comprehensive character. 


tion can proceed with greatest assurance 
of success in attaining its declared objec 
tives. 

When objectives take the form of under 
standing and appreciation, and even more 
when they deal with attitudes and ideals, 
complicated value judgments have to be 
and 
comes much more uncertain. 
tives of this more difficult 
recognized and set if edueation is to meet 
divided 

Time on this oceasion does not permit 
any analysis of the specifie aims which 


achievement be- 
Yet objee 
must be 


made educational 
sort 


its responsibilities in a world. 
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ao) 
+2 
wa 


formal edueation should acknowledge in 


these areas in which esthetic, ethical, moral 
and spiritual values play a decisive part. 


However the supreme importance of con 


crete and unequivocal aims in these areas 
cannot be seriously questioned. For ex 
ample, with respeet to such matters as the 


inculeation of proper standards of honesty 
and personal integrity, formal education 
take 


measures ean best be adopted to attain ob 


must a positive stand. Just what 


jectives of this character may be open to 
question, but refusal to aecept responsibil 
itv for “character building” will not do. 
Nothing is 


planning these days than clarification of 


1] , 
more needed in edueational 


objectives in these areas relating to under 


standing and appreciation, attitudes and 


ideals, and habits 


tending to perpetuate 
food practices. 
Points te Keep dh Mind 
May 


or five points which need to be kept 


I conclude with the eitation of four 


con- 


stantly in mind in attempting to increase 
general edueatior 


acquisition of knowl- 


the effectiveness of 

The 
ywloe ac >} » « f oe » ») } sized 
edge as sueh tends to get over-emphasizec 


The presentation of 


temporary 


in formal edueation. 
materials is the 


] 1 . 
factual simplest tvpe of 


I 
teaching assignment, and the possession 
of knowledge at the point of examination 
is the easiest type ol learning to measure. 
If instruction follows the 
resistance it will end in an 
fort to 


comes of equal and perhaps greater im- 


convev knowledge. Other out- 
portance will thus fail to get the atten- 
tion they merit 

Attempts t 


comes in concrete detail ordinarily result 


identifv these other out 


in a multiplicity of specifie objectives. 
While all of these may be deserving, their 
very number serves to introduce a meas 
ure of diffusion if not of confusion, in the 
What 


is needed is a system of priorities. Cer- 


direction of educational activities 


tain objectives must be recognized as pri- 
mary in importance, others as secondary 
It is hardly necessary to add 


ideas of 


or teritiary. 
that these 
may reasonably 


relative importance 


“ofl ; + = | . 
refiect the partieuiar 





needs of a given phase of political, eco- 
nomic, or social organization and develop- 
ment. 

The potential impact of the total educa- 
tional enterprise has to be considered in 
seeking the attainment of some of the 
objectives of general education. Extra- 
curricular as well as curricular activities 
have to be brought to bear. Thus the 
operation of a student union or the pro- 
motion of an effective organization for 
student self-government may contribute 
significantly to the attainment of im- 
portant skills and the establishment of in- 
dispensable attitudes and ideals. It is 
only through a consistent total educational 
experience that we can hope to reach cer- 
tain of the goals of general education. 

This points to the necessity of integra- 
tion. Efforts to sharpen the objectives 
of general education, or in the wording 
we have previously used, to make, them 
more specific—must not be allowed to re- 
sult in any fragmentation of the eduea- 
tional program. Certain units of instrue- 
tion may be required in order to pull 
things together. More essential, however, 
is an explicit edueational philosophy gov- 
erning the entire operation in all its parts. 


Continuous Evaluation Necessary 


Finally it is important to recognize the 
place of continuous evaluation. One of 
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the strongest reasons tor setting objec- 
tives more specifically is that only so are 
we in a position to measure the effective- 
ness of our procedures. We greatly need 
in edueation to know more definitely 
whether or not we are succeeding. We 
need to experiment with a better chance 
of knowing what results we are obtaining. 
Comprehensive and _ critical appraisal 
should characterize the whole process of 
seeking to achieve more fully the purposes 
of general education. 

Total edueation, as the biggest single 
foree in the development and econserva- 
tion of human resources, has surpassing 
world in conflict it 
that this 
great foree be given as sharp and sure 


importance. For a 


becomes absolutely essential 
a direction as educational statesmanship 
ean achieve. Hence reexamination, reap- 
praisal and redirection of the edueational 


enterprise are all from time to time in 


order. They surely are in order right 
now. Basie planning activities of this 
sort have had too little attention. It is 


high time that the institutions in this As- 
sociation made such planning a matter of 
major concern. If they do they may 
initiate a land-grant movement of the 20th 
century as significant as that which revolu- 
tionized American higher education in the 
second half of the 19th. 
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The Technical Institute Comes of Age 


By EDWARD 


Vice President, McGraw- 


INTRODUCTION 


Surely and not too slowly the technical 
institute seems to be coming of age here 
in the United States. Its development 
and its recognition as an important part 
of the over-all technical education pro- 
have fairly 
rapid during the past decade. Today, I 
hope I can give you some idea of the 
present status of technical institute eduea- 


gram of the country been 


tion here in Ameriea and its evolution as 
we have watched it for the past 10 years 
through the publication of 
Education News. As many of you know, 
TEN provides a fair vantage point, for 
medium for exchange of 
information, ideas, and opinions in this 
field—a_ sort of sounding 
board. 


Te ( hnieal 


it serves as 


quasi-official 


Although technical institutes have been 
turning out graduates continuously for 
I feel that it is reasonable 
to state that the so-called modern era of 


} 
least 


over 100 years, 


technical-institute education, or at 
recognition of this type of education, be- 
gan just 20 years ago with the publication 
of the Spahr-Wickenden report. This 
classic study brought together for the en- 
gineering profession for the first time all 
the pertinent information needed to ap- 
praise the status of, and need for, the 
type of work then being offered by in- 
stitutions such as Wentworth Institute, 
Franklin Technical Institute, Rochester 
Institute of Technology, The Ohio Me- 
chanics Institute and a few others. Also, 
this report produced almost indisputable 
evidence that industry approx- 
imately 3 trained technicians or semi-pro- 
fessionals for every employed engineer. 


needed 


E. BOOHER 


Hill Book Company, Ine 


Yet, at the time of Mr 
approximately 9000 engineers were being 
graduated annually (by approximately 150 
colleges and universities), whereas inter- 


Spahr’s survey 


polation of the data in his report shows 
that roughly 1800 technicians were being 
graduated from day and evening courses 
in technical institutes. In other words, the 
actual ratio of graduates at that time, 5 
engineers to 1 technician, was far re 
moved from the desired ratio of 1 to 3. 
Now, some 20 vears later, we find that this 


greatly 


ratio, though improved from the 
standpoint of Mr. Spahr’s recommenda- 
tions, is still in inverse proportion of 3 
engineering graduates to 1 technician 
graduate. (Approximately 50,000 engi- 
neers in 1950 to 15,000 technical institute 
graduates. ) 

At the time of 
W ickenden 
discussion among engineering educators, 
these were the 
depression days of the 30’s. For the next 
15 years the technical institute type of 
education continued to be confined to a 
institutes 
and to the few proprietary schools that 


its release, the Spahr- 


report created considerable 


but little happened, for 


few well-established, endowed 


were practical enough to recognize the 


need for trained technicians. Supple 
menting these schools during the 30’s was 
a growing number of junior colleges that 
offered 


well as 


technical-terminal programs as 


lower division general college 
courses. 

Although there was some stirring in the 
technical institute field as early as 1940, 
it was not until we were well into World 
War II that the crucial need for trained 


technicians was thrown into sharp relief. 
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And as we all know, the real genesis of 
the renaissance in technical institute edu- 
cation was largely in the ESMWT courses 
that blanketed our educational institutions 
throughout the war period. The phe- 
nomenal growth of these courses and their 
successful operation did much to highlight 
the great need for a continuing source of 
trained technicians. 
DEVELOPMENTS 

I'd like to recount some of the events 
and developments that point up the fact 
that this need is being recognized and 
partially met, that the status of the tech- 
nical institute today is dynamie in com- 
parison with its somewhat somnolent past. 

ECPD 

First on my list of events that mark the 
“coming of age” of the technical institute 
is accreditation of technical institute cur- 
ricula by the Engineers Council for Pro- 
fessional Development. 

Although the Spahr-Wickenden report 
had recommended the establishment of an 
acerediting agency, no action was taken 
by anyone until a group of technical in- 
stitutes petitioned the ECPD for help in 
1940. From that date forward, there was 
continuous progress. 

ECPD appointed a Sub-Committee on 
Technical Institutes in 1944. On Feb- 
ruary 1, 1945, under Dean H. P. Ham- 
mond’s chairmanship, this sub-committee 
announced that it was ready to accept 
applications from technical institutes for 
accreditation of their curricula under a set 
of standards and procedures with which 
all of you are familiar. Like most jobs 
undertaken by the ECPD, this was a dif- 
fieult one, and as most technical institute 
administrators know, the performance of 
the committee was thorough. To date 
some 51 curricula of 20 schools have been 
accredited. 

Dean Hammond received the first James 
H. MeGraw Award in Technical Institute 
Education for his suecessful leadership as 
the first chairman of this ECPD sub- 
committee. As all of us who watched this 


development know, this award was small 
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recognition for his untiring interest and 
for the stature he was able to lend this 
development. I’m sure that most technical 
institute people feel that the technical in- 
stitute field will always be in his debt. 


ASEE 

The second important development in 
the technical institute field and one evolv- 
ing concurrently with ECPD aceredita- 
tion was the recognition by the Society for 
Promotion of Engineering Education of 
the technical institute as an integral part 
of engineering education. 

This milestone was passed in 1941 when 
the SPEE created a Technical Institute 
Division. I might add parenthetically 
that MeGraw-Hill’s inspiration to start 
TEN came from the first meeting of this 
new division held in June, 1941, at Ann 
Arbor. Volume I, Number I, of TEN, 
published in September, 1941, carried a 
report on that meeting by the late John 
T. Faig, its chairman. 

Although the division survived the next 
5 years, it had a lean time, as, also, did 
most technical institutes. During some of 
those years there was no formal technical 
institute program at the annual SPEE 
meeting. The Technical Institute sessions, 
such as they were, often were held in- 
formally 
the rooms of hotels that served as SPEE 
headquarters, with the late Walter Hughes 
of Franklin Tech., Ken Holderman of 
Penn State, and a few other zealots al- 
ways planning for the future. 

Well, the future arrived in 1947, when 
at the 55th annual SPEE meeting in Min- 
neapolis there was a planned, announced 
technical institute program attended by all 
of 38 interested educators. 

From then forward, the Technical In- 
stitute Division of the American Society 
of Engineering Education has had a very 
steady growth. Its program at the an- 
nual meeting in Kast Lansing last June 
reached a new high in meaning and in- 
terest and certainly in attendance, with 
126 people attending one or more of the 
technical institute sessions. 


around the dinner tables or in 
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NCTS 

Next on my list of relatively recent de 
velopments in the technical institute field 

and one we tend to overlook because we 
don’t hear much about it—is the growth 
of the National Couneil of Technieal 
Schools. 

Some of you may remember that the 
National Home Study Couneil, which as 
an acerediting agency and trade associa- 
tion for the better correspondence schools, 
grew out of a study of such schools made 
in 1926 by the Carnegie Foundation. 
Certain trade and educational practices in 
this field at that time had been questioned 
by many people. The Carnegie Study and 
the subsequent creation of the National 
Home Study Council did much to purge 
those questionable practices. Now vir- 
tually all respectable . correspondence 
schools operated for profit are members 
of that Council. Many of these cor 
respondence schools, such as the Capitol 
Radio Engineering Institute and the Chi- 
cago Technical College, also offer resident 
courses at the technical institute level. 
It was this group of schools with member- 
ship in the NHSC that furnished the 
leadership for the formation in 1943 of 
a similar agency for all private, resident 
technical institutes—the National Council 
of Technical Schools. This Council is a 
trade association of some 20 private 
schools, most of which are proprietary, al- 
though two or three endowed schools hold 
associate memberships. Concerned with 
educational and business standards and 
practices, the Council, through its widely 
distributed literature, premotes its member 
schools, as well as the technical institute 
type of education in general, to secondary 
school students. It in no way conflicts 
with the ECPD. In fact, the Council has 
urged its membership to apply for ECPD 
accreditation, and to date 11 member 
schools have one or more accredited eur- 
ricula. 


Directory of Highe r Education 


Another mark of recognition for tech- 
nical institutes and fourth on my list is 


the listing of about 40 such schools in 
the higher education section of the Eduea- 
tion Direetory of the United States Office 
of Edueation for 1949-50. This list would 
be considerably more extensive if some 
of the universities included therein listed 
separately the technical institute programs 


conducted by them 


Literature 


Point number 5 that I should lke to 
make revolves about the evidence of a 
growing maturity in technical institute 
education as reflected by the developing 
literature of this field. 

At the moment, there is in process a 
compilation of a bibliography of technical 
institute literature by an ASEE committee 
on technical institute studies. A pre- 
liminary report of this committee reveals 
some 300 entries consisting of articles, 
graduate theses, and books. The great 
majority of entries have been produced 
during the past 10 years. 

Also, there is an important, growing 
literature in the form of surveys made by 
the federal government, by state agencies, 
and by various committees of the Tech 
nical Institute Division of the ASEF. 
Most of you are familiar, I am sure, with 
two important studies made by committees 
appointed by the U. S. Office of Educa 
tion. The first, released as Vocational 
Technical Training for Industrial Occupa 
tions, appeared in 1944, and the second, 
entitled Vocational Education of College 
Grade, came out shortly thereafter. 

New York State conducted what is 
probably one of the best surveys ever 
made in the technical institute field. This 
study was preliminary to the establish- 
ment of five new institutes of applied arts 
and seiences and to the ereation of a 
unified state program of technical insti 
tute education embracing these new in- 
stitutes as well as the old technical and 
agricultural institutes. This survey, con- 
dueted by Dr. Kenneth Beach, ineluded a 
rather intensive and comprehensive study 
of the need for technicians in the indus- 
tries of New York State. Not only did the 
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survey enable the state to localize intel- 
ligently the need for technicians on a geo- 
graphie and population basis, but it re- 
vealed the surprising need in these areas 
for 7 technicians to each engineer. En- 
titled Technical Occupations in the State 
of New York with Implications for State 
Institutes of Industrial Arts and Science, 
the survey was never distributed generally, 
although I’m sure copies are available on 
a loan basis from the New York State 
Department of Education. 

Those who have attended the Technical 
Institute sessions of the two most recent 
annual ASEE meetings are also aware 
of the important studies being carried on 
by certain standing committees of the 
Technical Institute Division. The com- 
mittees on Student Selection and Guid- 
ance, on Curriculum Development, and on 
Teacher-Training are doing research in 
areas that should result in the addition of 
important, useful literature. 

While on the topie of literature, I 
should mention the growing number of 
doctoral studies in or touching upon this 
field that have come to our attention dur- 
ing the past five years. Also, last but 


not least—to my way of thinking, of 
course—I should mention the growing 
textbook literature. While still inade- 


quate, it is ample evidence that teaching 
materials for the techniéal institute are 
being steadily developed. At least three 
publishers have established publishing de- 
partments catering to this field during the 
past 10 years. 


Completion Credentials 


Turning now to another development, 
number 6 on this seemingly endless list, I 
should like to bring you up to date on the 
matter of completion credentials. 

One of the conclusions reached in the 
Spahr-Wickenden report was that tech- 
nical institutes had been handicapped by 
the fact that their graduates received no 
credentials which were gen- 
Yet, for a number of 
was made 


educational 
erally recognized. 
reasons, no recommendation 


other than to state—“‘The matter must re- 
main inconclusive until the representatives 
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ot the technical institutes are themselves 
prepared to take the initiative.” It seems 
that the technical institutes are now about 
prepared to take such initiative. 

For the past two years, the Technical 
Institute Division of the ASEE has had a 
working committee on completion creden- 
tials. In East Lansing last June, the 
chairman of that committee, R. Warren 
Marsh of Buffalo Institute of Applied 
Arts and Sciences, reported preliminary 
findings of his committee as follows: 


1. Over 300 firms employing in excess 
of 7000 technical institute graduates 
reported by questionnaire the titles 
or terms used to designate a technical 
institute graduate. 

2. A total of 149 or slightly less than 
one-half of the entire returns in- 
dicated the title of technician or 
some modification as being used at 
the present time. 

3. 77 or about 25% of the total in- 
dicated some form of engineering or 


~ 


associate. 

4. Others indicated a wide 
titles, many of which were simply 
job titles such as draftsman, esti- 
mator, ete. 


range of 


Mr. Marsh’s committee is continuing its 
work this year and possibly at the next 
annual meeting will be ready to make 
some final recommendation. 

In the meantime, however, a few in- 
stitutes, notably those of New York State, 
have adopted the accepted junior college 
degrees of Associate in Arts or Associate 
in Science. 


Growth 


Finally on my list of items which be- 
speak the position of technical institute 
education today is the actual growth in 
the number of institutes, and even more 
important, the growth in technical in- 
stitute enrollments. 

Perhaps our most reliable data on this 
growth is that found in the annual survey 
of technical institutes prepared by Leo 
Smith, Chairman of the Educational Re- 
search Office of Rochester Institute of 
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Technology. These surveys, incidentally, 
have appeared in the June issues of TEN 
for the past seven years. Let’s look at his 
figures: For the school year 1945-46 

the survey showed a total of 69 institutes. 
In 1950-51 Smith lists 66 institutes. His 
data tend to be misleading in that they 
indicate a decline in the number of in- 
stitutes. Actually this is not so, since 
two universities that have established sev- 
eral technical institutes during the past 
six vears are listed as single institutions. 
Making the proper adjustments, we find 
that the total number of technical insti- 
tutes has grown from 69 in 1945-46 to 80 
in 1950-51. 
we find an even more impressive growth 


Referring to this same period, 
in enrollments. Total enrollments, day 
and evening, were 18,656 for the vear 
1945-46, while by 1950-51 Smith shows 
they had climbed to 46,441. This in 
crease of 150% in technical institute en 
rollments for a 6-year period compares 
most favorably with an inerease of 135% 
in engineering enrollments which for the 
same period went from 69,146 to 161,592. 
And, of course, these figures represent 
a healthy rate of growth since 1928, when 
the Spahr-Wickenden figures of 4115 en- 
rolled in 10 technical institutes repre- 
sented approximately one-half the total 
enrollment at that time. 

In addition, there are recent develop- 
ments too new to be included in Smith’s 
figures that also reflect a continued 
growth. For example: (1) New Hamp 
shire has recently converted two former 
trade schools to state technical institutes 
with programs on the post-high-school 
level. (2) The Marine Corps Institute has 
recently revamped part of its program 
to offer courses that meet technical in- 
stitute standards as defined by the ECPD. 
(3) The Louisiana State Department of 
Vocational Edueation has recently com- 
pleted a survey recommending the estab- 

* The data of Smith’s first survey cover- 
ing the school year 1944—45 is somewhat in- 
complete. Therefore, for the purposes of 
this paper we are omitting that first year 
and using only the data from the last six 
years, 1945-46 through 1950-51. 


lishment of several two-vear technical in 
stitute curricula and requiring 3 new 
institutes on the post-high-school level 
Incider tally, this survey, like that done toi 
New York State, is an interesting piece 
ot work, for it attempts to establish 3 
rather basic sets of data 
occupations for which eurricula should be 


first, teehnical 


provided, second, the number of students 
for whom provision should be made, and 
third, the geographic areas of the state in 
which these curricula should be offered. 
Another interesting point covered in this 
survey is the ratio of technicians to pro 
fessional engineers, which varied from 3.6 
to 1 in crude petroleum production to 31.6 
to 1 in contract construction. Copies of 
this 5l-page report are available from the 
State Department of Commerce and In 
dustry, Baton Rouge, Louisiana. 


institute as we examine it today in light 
of its growth and recognition over the 
I know that Mr. Spahr, 


ie technical institute 


past 20 years. 


when he received t 
award in East Lansing last June, felt that 
the strides made in this field during the 
past 10 years have far outstripped his 
most optimistic estimates. 


THE FuTuRE 


But with this perspective of the past 
20 years to guide us, wouldn’t it be well 


} 


to appraise the future of the technical in- 
stitute in the next 20 
bit? 

Frankly, I’m not sure that the outlook 


for the future is as good as the trends of 


to prognostieate a 


the immediate past would indicate. Ih 
making this statement, I have in mind the 
technical institute as we have known it, 
a distinetly individualistic 
rendering an industrial service as an im 


institution 


portant part of the whole of engineering 
education. My reasons for so feeling are 
two, and neither centers around anything 
so tangible or conerete as UMT, for ex 
ample. Problems of this type usually ean 
be met and assimilated. Nor can my rea 
sons be founded on the prospects of a 
diminishing need for technicians or di 
minishing enrollments. Enrollments in 
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higher education are forecast to reach 
3,000,000 by 1960 compared with 2,225,- 
000 today, although they may continue 
to decline slightly up to 1956, when the 
population curve representing individuals 
ot college age reverses the downward 
trend found today. Actually the pros- 
pects for technical institute enrollments in 
the next 10 years are very healthy. Prob- 
ably the need for industrial technicians 
will be greater than ever before. 

My first reservation about the future 
growth of the technical institute is con- 
ditioned by the seemingly certain growth 
of the junior college, or community col- 
lege, as it might more accurately be 
termed. 

The community college is a potent, dy- 
namie foree in American education. Its 
strong, aggressive leadership is casting 
covetous eyes on the field of technieal- 
terminal education, so much so, I feel, that 
this type of institution may in the future 
assume the function of the technical in- 
stitute as we have known it. Here are 
some figures to make us sit up and take 
notice. You will recall that Smith’s 
surveys show a total increase of 11 new 
technical institutes in the past 6 years. 
But the Directory of Higher Edueation 
for 1950 states that 89 new institutions of 
higher learning were established in the 
United States in 1949 alone, and that more 
than one-half of these are junior, or com- 
munity, colleges! Further, Earl J. Me- 
Grath, U. S. Commissioner of Education, 
predicted last year that by 1960 an ad- 
ditional 500 community colleges will have 
opened their doors. It is my guess that a 
majority of these new community colleges 
will include in their offerings courses of 
the technical institute type, and in many 
instances full technical institute programs. 

Why does the junior, or community, 
college seem to be such a threat to the 
technical institute we have known? What 
evidence of its movement toward the field 
is there? 

First, as a strong social force, its 1950- 
51 enrollments stood at 562,786 in 634 


val 





~ 
Sc 


institutions aceording to the 1951 Junior 
College Directory. 


In other words, there 
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are 8 times as many junior colleges as 
technical institutes, with enrollments over 
10 times as great. 

Second, the junior, or community, col- 
lege through its American Association of 
Junior Colleges presents a united front, 
strong in local, state, and national political 
influence, strong in promotion of its basic 
educational concepts, and strong in de- 
veloping new ideas and ideals for this 
area of education. 

Third, the community college is neither 
the appurtenance of the four-year college 
or university, nor is it controlled by the 
secondary education group, although in 
many loealities it is an extension of the 
latter. But it stands independently, 
kowtowing to no other educational group. 

Fourth, since one of its basie precepts 
is to service the educational needs of a 
community, it usually sueceeds in enlist- 
ing the support of all facets of a com- 
munity and in growing numbers secures 
its financial support from publie funds or 
taxes. This, in turn, means that most 
newly established community colleges are 
virtually tuition free. 

Fifth, it purports to operate more eco- 
nomically beeause it can shelter under one 
roof, so to speak, a variety of activities, 
no one of which might be operated alone 
with such economy. For example, it can 
house in a single plant a senior college 
preparatory course, a technical institute, 
a business institute, and a flexible, ever- 
changing evening program in so-called 
adult education. The argument for this 
sort of local educational set-up is a strong 
one, as many of you know from first-hand 
experience. Further, I’m sure that Mr. 
Spahr did not foresee all the implications 
of this developing junior college move- 
ment back in 1930 when he wrote, and I 
quote from his summary report: 


‘‘There is no basis in experience for ex- 
pecting the junior college of a mixed char- 
acter to do the work of a technical institute 
successfully. The junior college is in reality 
an extension of secondary education and its 
curriculum a truneated college course. Pub- 
lie authorities are gradually bringing the 
junior colleges under regulations governing 
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the qualifications and status of teachers 
similar to those which apply to high schools. 
The junior college of 
seeks to blend the 
the mixed high school with scholastic work 
of a purely college type. 
of an intensive and rigorous character may 
in time be developed, but it is hard to see 
how they can fulfill the 
plated in this study in an essentially second 
The technical institute 
staff i 


industry and 


the prevailing type 
educational theories of 


Terminal courses 


purposes eontem- 
ary environment, 


needs a director and who are in i 
timate with 
proficient in blending scientific and practical 
rather than leadership of the 


9 


$ ll ep 
specially 


touch 
instruction 
‘educationist’ type. 


] 
i- 


Although the position of the junior ¢ 
lege in the field may in time develop into 
a serious issue, it is not the only stumbling 
block to continued growth of the tradi- 
tional technical institute. Another prob 
lem, and one I feel to be of considerable 
importance, is the uncertain relationship 
of the technical institute to the engineer- 
ing college. 

The relationship of the technician to the 
engineer has been pretty well established 
as being one of mutual benefit and respect. 
Yet, I wonder if this same relationship 
exists between the technical institute and 
the engineering college, between the tech- 
nical institute instructor and the engineer- 
ing professor. This statement may seem 
out of place in view of the evidence just 
presented, especially the parts played by 
ECPD and the ASEE in fostering tech- 
nical institute Yet, it 
to me that there is that the 
technical institute has always been a step- 


education. 


seems 


evidence 
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ehild, never a child; that the engineering 
tend to 
custody” but not guidance 


colleges 


tend to 





and that the engineering coll 
appraise results by their own academic 
standards, which no technical institute can 


meet, except as it follows the Lootsteps 


of several former technical institutes and 
becomes an engineering colle re. 

Still engineering edueators have a big 
stake in the training of qualified tect 
would seem that it fo 


nicians. Thus, it 


no reasons other than selfish ones, they 


should face up to the problems ahear 
The inadequacy and unsoundness ot this 
relationship was recognized in the Spal 
Wickenden report, and I’m sure t s 
recognized today, by both engineering and 
technical institute edueators. It the 


1 


feeling of some that this attitude ot pre 
fessional superiority on the part of engi 
neering edueators and of professional in 
feriority and inadequacy on the part ot 
technical institute educators li 
pelled only if and when the technical 
stitute becomes strong enough to establish 
a professional organization of its own. 
But if that day 
nical institute will 


is to come, then the teel 
need from engineering 
edueation all the 


respect, guidance, and 


filial guardianship that it can absorb, so 
that it might have the couragce 
to push ahead toward a goal now in sight 
but still encumbered by a number ot prob 
lems. If I may say so, it seems 
challenge of training technicians fon 
years ahead is as much in the laps 

engineering educators as it is in the hands 


of the technical institute instructors. 
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Selection of Engineers * 


By A. PEMBERTON JOHNSON 


Project Director, Measurement and Gu 


idance Project in Engineering Education, 


Educational Testing Service, Princeton, New Jersey 


Gentlemen, it is a real privilege to talk 
with vou about examinations for the selec- 
tion of engineers. 

In spite of the growing critical shortage 
of engineers, it is my belief that selection 
(and guidance) examinations ean help 
materially at several educational levels to 
combat that shortage. My work during 
the last two years as Project Director of 
the Measurement and Guidance Project 
in Engineering Edueation, during the 3 
years preceding that as Coordinator of 
Personnel Guidance at Purdue University 
and my association with engineering ed- 
ucation since 1928 as student, graduate 
student, teacher, and personnel counselor 
suggests to me that the needs for and uses 
of tests at the different levels is quite dif- 
ferent. 

It is my belief that, as a group, you 
are primarily interested in examinations 
useful for engineering college freshmen. 
I would like first to report to you the 
findings of a survey undertaken last 
spring and tabulated too late to have been 
reported at the Seattle meetings of the 
Society. Some of you may have seen 
these findings in the form of a memoran- 
dum distributed last January to Deans of 
Engineering, Directors of Admission, and 
Student Counselors at Engineering Col- 
leges through the channels of the Engi- 
neering College Administrative Council. 

On April 19, 1950, Dean Ovid W. Esh- 
bach, then Chairman of the ASEE Com- 


* Presented at the Educational Methods 
Conference of the ASEE at its Annual Meet- 
ing in East Lansing, Michigan, June 25, 
1951. 


344  JourNnat or ENGINEERING EpucaTion, Mar., 195 


mittee on Selection and Guidance, wrote 
to a number of engineering colleges re- 
questing the names of tests used for ad- 
mission and counseling freshmen engi- 
neering students. Replies from 113 col- 
leges of engineering were received and 
analyzed. Through the courtesy of the 
Committee on Selection and Guidance and 
of Dean Eshbach, I am privileged to pre- 
sent these findings. 

Certain tests are in widespread use in 
colleges of engineering throughout the 
country. More than 41% of the colleges 
which replied were using the American 
Council on Edueation’s Psychological Ex- 
amination, 39% were using the Coopera- 
tive English Test. Next most widely used 
tests were the Pre-Engineering Inventory 
and the College Entrance Examination 
Board Tests. Educational Testing Serv- 
ice is pleased that it is able to serve engi- 
neering education through these four ex- 
aminations. 

Frequent use of Interest tests and of 
Mathematies tests of a wide variety was 
also found. 


Most Widely Used Tests Described 

A brief description of the four most 

widely used tests follows : 

(1) The ACE Psychological Examina- 
tion for College Freshmen—This 
test is an indicator of general 
scholastic promise. It is slightly 
more predictive of success in Lib- 
eral Arts curricula than in Engi- 
neering curricula. 

(2) Cooperative English Test—Higher 
Level—This is a carefully de- 
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veloped and extremely popular test 
for measuring reading comprehken- 
sion and knowledge of good Eng- 
lish usage. 

(3) Pre-Engineering This 
test was developed specifically for 


Inventory 


use as an engineering freshmen 
selection and guidance aid and has 
proved very effective for these pur- 
It was available prior to 
December 31, 1950 on a rental basis. 
Since January 1, 1951, the Pre- 
Inventory has 


pe Ses. 


Engineering been 
available on a sale basis primarily 
for local ETS 
scoring and reporting still possible. 

(4) College Entrance Examination 
Board (CEEB) Test—The Apti 
tude and Achievement examina 
tions of the College Entrance Ex 
amination Board are administered 
by Educational Testing Service at 
500 centers located throughout the 

These tests, highly predic 

tive of grades in college, are the 


scoring but with 


world. 


most widely used college entrance 
selection tests in existenee. Like 
other entrance examinations, their 
greatest predictive effectiveness is 
realized when scores on the tests 
are combined with secondary school 
grades. This can perhaps best be 
shown graphically as in the chart I 
shall now distribute to you. (Dis- 
tribute and explain the chart en- 
titled Excellent Prediction of Scho- 
lastie Suecess in a Group of Five 
Engineering Colleges by the Col- 
lege Joard Test Seores Combined 
with High School Grades. ) 


The Strong Vocational Interest Blank 
and the Kuder Preference Record (Voeca- 
tional) were at 5th and 6th place in this 
survey of tests used in the engineering 
colleges for selection and guidance pur 
Seventh place was held by the Co- 
operative Mathematics Tests including the 
Intermediate Algebra, General Achieve- 
ment Test, Mathematics Pretest for Col- 
lege Students, and the Trigonometry Test. 
I shall be glad to give anyone information 


poses. 
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these tests including 


‘egarding any of 





references to the literature 


Pre-E nginer ring Inventory 


A number of users of the Pre-Engineer- 
ing Inventory are well aware of the excel- 
lent predication of first term engineering 
college erades which this test has eonsis 
tently 
typieally made by the con posite seore. 


given. The best prediction is 


As would reasonably have been ex 
pected with the marked decline in num 
bers of freshmen engineering applicants, 
use of the Pre-Engineering Inventory has 
declined greatly in the last few years. 
One engineering educator has estimated 
that there may be regular facilities for as 
many as 55,000 freshmen in our engineer- 
ing colleges while enrollments in Septem- 
ber 1950 were only about 34,000. It be 
came evident, therefore, that it was no 
longer feasible to indefinitely 
distribution of the Pre-Engineering In- 
After 
due consideration of the matter and in 
order to continue to make the Pre-Engi- 
neering Inventory available to meet the 


continue 


ventory under the rental plans. 


needs of the engineering colleges, the 
joint ASEE-ECPD Advisory Couneil on 
October 22, 1950 approved the sale rather 
than the rental of both the short (4-hour) 
and the lone (6-hour) forms of the Pre- 
Engineering Inventory beginning January 
1, 1951. 

At the same time, approval was given 
to the plan tor development from the 
two most predictive parts ol the original 
inventory (Comprehension of Scientific 
Materials and General Mathematical Abil- 
ity) of a new 80-minute Pre-Engineering 
Ability Test which becomes available on 
July 1, 1951. This test 
meet the need for a short, inexpensive, 


is designed to 


and easily administered test which is gen- 
erally quite predictive of scholastie sue- 
cess in engineering colleges, very nearly as 
predictive as composite seores on the Pre- 
Engineering Inventory. Norms carefully 
equated to the original national norms for 
the Pre-Engineering Inventory will be 
furnished so that the test ean be effectively 
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used as soon as it is purchased. In addi- 
tion, a long table of American Couneil on 
Edueation Psychological Examination and 
College Entrance Examination Board test 
scores comparable to Pre-Engineering 
Ability Test scores is furnished together 
with intercorrelations, means, and stand- 
ard deviations for the group of freshmen 
at one school on which these data are 
based. The new 80-minute test is easily 
administered with separate time limits on 
ach of the 2 parts and easily scored by 
counting the total number of correct re- 
sponses to both parts. 


Proper Use of Examinations Can Help 
Reduce Growing Shortage 
of Engineers 


Because, I believe, that the proper use 
of examinations as far back as the 7th 
grade can materially help in reducing the 
growing shortage of engineers, I would 
like to speak briefly about some new de- 
velopments in that area. 

Last December, Professor Paul Cam- 
breleng of Newark College of Engineer- 
ing, President of the New Jersey Guid- 
ance and Personnel Association, conducted 
a survey among public secondary school 
counselors in New Jersey regarding the 
grade level at which consideration was 
given to counseling regarding the selec- 
tion of college curricula. One hundred re- 
turns from over 50% of New Jersey 
public senior high schools and from a few 
private school counselors indicated that 
counseling regarding the selection of col- 
lege curricula commonly began in the 8th 
and 9th grade. I have been told by some 
secondary school people, that it oeeasion- 
ally begins in the 7th grade. When we 
studied the matter a bit we realized that 
it is at the 7, 8, and 9th grade level that 
the prospective engineering student must 
begin his mathematics, science, and Eng- 
lish sequences of courses to be ready to 
meet the entrance requirements of many 
of our engineering colleges. It is my be- 
lief that more study should be given to 
examining students in the 7th, 8th, and 
9th grades looking to the early identifica- 
tion of those with the apparent interest 


and aptitude to prepare for and complete 
an engineering college curriculum. The 
Cooperative Mathematics Test and the Co 
operative Science Test for grades 7, 8, 
and 9 have been found to be suitable for 
use with superior groups in these grades 
and some entire classes in the next one or 
two higher grades. The Cooperative Gen 
eral Achievement Tests, Tests of General 
Proficiency in the Fields of Mathematics 
and Natural Sciences are useful in the 
10th to 12th grade range. The Coopera- 
tive English, Single Booklet Edition, 
Lower Level, or the separate tests of 
Mechanics of Expression, Effectiveness of 
Expression, and Reading Comprehension 
are useful for the 7th to the 12th grades. 
Other tests frequently mentioned in the 
New Jersey survey were the Kuder Pref 
erence Record (Vocational), the Otis 
Tests of Mental Ability (all forms), and 
the Differential Aptitude Tests. Some of 
the larger city school systems and certain 
of the state systems have developed their 
own programs which could be used ef- 
fectively to discover potential engineering 
students. 

For those secondary schools enrolling 
both English-speaking and Spanish-speak 
ing students, the Cooperative Inter-Amer- 
ican Tests of General Ability, Reading, 
Social Studies, Natural Sciences, and 
Language Usage with their parallel Eng- 
lish and Spanish editions, should prove 
especially useful. 


Selective Service College 
Qualification Tests 

At all college levels, Selective Service 
College Qualification Test scores will soon 
be used by local selective service boards 
in addition to or as a substitute for rank 
in college class as a basis for the defer 
ment from immediate military service of 
enrolled college students. We have al- 
ready tested nearly 300,000 persons for 
the Selective Service System in this con- 
nection and other tests are to be given on 
June 30th and July 12th. It is our belief 
on the basis of rather inexact information, 
which was the best we could get, that an 
appreciable number of engineering stu- 
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dents will be eligible in most engineering 
colleges for deferment on the basis of their 
Selective Service College Qualification Test 
scores. 

At the sophomore level certain institu- 
tions have found the new College Transfer 
Test of the College Entrance Examination 
Board, a 3-hour morning Aptitude test, 
which yields a verbal and a quantitative 
score, to be quite useful in evaluating the 
ability level (exclusive of scholastic 
achievement) of prospective transfer stu- 
dents. These institutions commonly make 
use of the freshmen-sophomore grade 
record, together with a careful scrutiny of 
courses taken, as the best measure of 
scholastic achievement. Other institutions 
have found the Engineering Achievement 
Tests to be very useful indicators of 
achievement to date of prospective trans- 
fer applicants. A considerable potential 
of at least moderately well-trained trans- 
fer applicants is believed to exist in many 
areas. 

At the college senior-prospective grad- 
uate student level, Educational Testing 
Service will introduce a new 3-hour engi- 
neering examination in the fall for the 
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National Program for Graduate School 
Selection of the Graduate Record Ex- 
aminations. This examination has a first 
section of 100 questions considered com- 
mon to the major branches of engineering 
and a second section of 100 more difficult 
questions, 25 each in the areas of Civil 
Engineering, Chemical Engineering, Elec- 
trical Engineering, and Mechanical Engi- 
neering, so that the student may choose 
not only those 25 in any particular area 
in which he feels best qualified but others 
as well. The new aptitude tests, the pro- 
file tests, and the Advanced Tests of the 
Graduate Record Examinations in Chem- 
istry, Mathematics, Physics, and 14 sub- 
ject areas other than engineering, are 
worthy of mention. 

It is my belief that, with growing knowl- 
edge of the availability of testing pro- 
grams at these different levels and with 
recognition of the role which examina- 
tions can play in encouraging qualified 
persons to enter upon an engineering 
sareer, the examinations I have mentioned 
will increasingly prove their value to engi- 
neering educators. 


In the News 


Young Engineer Training Program Imminent 


An organized program to aid young 
engineers in the first five years of profes- 
sional development through the medium of 
a network of local committees made up of 
established practicing engineers is being 
sponsored by the Training Committee of 
Engineers’ Council for Professional De- 
velopment. Under the chairmanship of 
A. C. Monteith, Vice President in charge 
of Engineering and Research, Westing- 
house Eleetrie Corp., Pittsburgh, Pa., the 
Training Committee presented a 6-point 
program to aid the young engineer in the 
right type of training, of indoctrination, 
and of self-analysis. 

The program presented examples of 


orientation and in-service training, con- 
tinued college education, introduction to 
community service, indoctrination in char- 
acteristics, responsibilities and ethies of 
the profession leading to recognition 
through registration, self-appraisal for 
the purpose of orientating personal plans 
and of selected reading for professional 
and personal growth. 

To implement the program the com- 
mittee proposed that an extension director 
be employed for the purpose of organizing 
the resources and agencies which might 
help in establishing programs in a number 
of chosen communities. Funds are pres- 
ently being raised to initiate the program. 
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Engineering Design as Related to Research* 


By Forest 


Chief Engineer, Design and Research 


In considering the subjects covered by 
the title, the first questions which might 
well be asked are, “What is Design?”, and, 
“What is Research?”. Webster states that 
design is “the production of a scheme or 
plan for the making of anything.” This 
is certainly a definition in its briefest 
form. He also states that research is 
“careful or critical inquiry or examination 
in seeking facets or principles.” This. is 
likewise brief and broad. 

Many definitions have been offered to 
explain the meaning of research. None is 
entirely adequate. From thé standpoint 
of final result, the statement that “re- 
search has been called insurance against 
capital loss” is significant. Rather than 
attempt to define design or research 
further, a few examples will be given to 
illustrate these two functions of engineer- 
ing and their relationship. 

What can we classify as design in a 
broad sense? What is its history? When 
did designing start? 

Excavation by Sir Arthur Evans on the 
Island of Crete revealed the remains of 
the Neolithic or Later Stone Age culture 
which reached back 13,000 or 14,000 years. 
Man’s real design and construction effort, 
however, could not begin until he ceased 
to wander in search of a precarious liveli- 
hood. ; 

What examples do we find of early 
design? According to M. C. Burkett, 
Lecturer of Archaeology and Anthropology 
at Cambridge University, the oldest known 


* Presented at ASEE Summer School for 
Engineering Drawing Teachers at East Lan- 
sing, Michigan, June 26, 1951. 
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Division, Packard Motor Car Company 


wheeled vehicle was discovered at Kisch, 
the world’s oldest city, and was built about 
3200 B.C. 

Much has been written about the strue- 
tures erected by the Egyptians, Greeks, 
and Romans throughout the centuries fol- 
lowing, the last two periods being marvel- 
ous eras of unsurpassed architectural 
design. 

After the fall of Rome, architectural 
design of a grand order disappeared in 
Europe and western Asia until the Middle 
Ages when the building of cathedrals and 
monasteries again revived it. Design of 
a more mechanical nature began to ap- 
pear. Time keepers are one interesting 
and common example of design of this 
type. Starting with the sun dial, ap- 
parently used as early as 2000 B.C. in 
the valleys of the Tigris and Euphrates, 
we next come upon the Clepsydra or 
Greek water clock invented by Ctesibius 
at Alexandria in the second century B.C. 
Sand took the place of water in many 
clocks, one variation being the 28-second 
sand glass used for a long time for de- 
termining the number of knots or nautical 
miles per hour covered by a vessel. The 
origin of the first design of mechanical 
clock is somewhat in doubt, but in 1360 
there was evidence of at least one mechan- 
ical clock designed by Henry Weeck, or 
Henry DeVick as afterward called, of 
Wurtemburg, for Charles V of France. 
Clock and watch designs appeared in 
many forms finally developing into those 
which we have today. Space prevents 
mentioning many more examples of de- 
sign, such as the works of Leonardo de 
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Vinei, Cellini, and other marvelous crafts- 
men with whom we are all familiar. 


History of Research 


What was occurring in research, taking 
it in its broadest sense, over this period 
of time? 

In Egypt the practice of preserving the 
bodies of the dead by mummification has 
excited the wonder of mankind for ages. 
G. Elliott, Professor of Anatomy, Uni- 
versity of London, states this practice 
extended over at least thirty-five centuries 
and that it underwent an unbroken series 
of different techniques. That I would eall 
a “long term” research project. 

One example of a very complete report 
on early investigations came to my at- 
tention a number of years ago in a curious 
way. In the mathematical analysis of a 
problem, I came across a proposition in 
plane geometry with which I was un- 
acquainted. This aroused my curiosity. 
As I needed a new geometry reference 
book, I journeyed to the Detroit Public 
Library and surveyed all the works avail- 
able and found one by Sir Thomas Heath, 
in three volumes, which was very com- 
plete—a new translation taking into ac- 
count all of the information unearthed 
since previous translations had been made. 
I found the proposition that had been new 
to me, and discovered that the geometry 
taught me in high school was from a very 
much abridged edition of the complete 
works compiled by Euclid in thirteen 
books to cover the information available 
300 years B.C. 

De Morgan, the British mathematician, 
stated in 1848, “There never has been, and 
till we see it we never shall believe that 
there can be, a system of geometry worthy 
of the name, which has any material de- 
partures (we do not speak of corrections 
or extensions or developments) from the 
plan laid down by Euclid.” Heath states 
that had De Morgan lived at that time 
(1925) he would still be of the same mind. 
The fact that this work has lived for 
twenty-two centuries without any revisions 
or signifieant additions marks it as being 


an investigation and summary of the high- 
est order. The elegance of the proposi- 
tions in their simplicity and choice of 
language commands further respect and 
should cause all of us to reappraise some 
of our contributions in the light of that 
from which we have had to draw. 

The history of design in clocks was 
mentioned. Prof. W. I. Milham, in his 
book, “Time and Timekeepers,” states that 
since 1368 when the pendulum was in- 
troduced into the clock mechanism, there 
have probably been nearly three hundred 
different designs of escapements experi- 
mented upon and nearly one hundred 
escapement designs for watches. So we 
realize the designs of our modern mechan- 
ical clocks and watches are the result of 
an enormous amount of investigations 
and tests. 

We could list many investigations made 
over the centuries labeled as discoveries, 
developments, and so on, from the wealth 
of material available. Two or three 
examples were touched upon to stress the 
point that design and research are by no 
means items peculiar to the last half 
century or so. 


Relationship of Contemporary Design 
to Research 


In considering the relationship of con- 
temporary design to research, there are 
two broad phases which are diametrically 
opposed which immediately come to mind. 
The first is where designs are partially 
developed and to be completed must wait 
for research work to permit their comple- 
tion. The second phase is where “long 
term” research develops products which 
are eagerly seized upon by designers after 
they are introduced and often used in 
many forms never anticipated by those 
who developed the product. 

Let us consider the first phase, partic- 
ularly in the automotive field and aircraft 
engine field in which the writer is best 
acquainted. 

For many years we have all been trying 
to make automatic transmissions for cars 
that would do a better job than the hand 
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shift mechanism. In the minds of some 
of us for a long time and over the last ten 
years in particular, the idea has been 
present that a better design could be 
evolved if the torque converter invented 
by Fottinger in 1906 could be made ac- 
ceptable for passenger car use. This has 
resulted in our designs being held up, so 
to speak, until sufficient research work was 
done to give assurance that this element 
could be included in the design. This 
work has resulted in four distinct and 
different combinations being in production 
today. We have them because the re- 
search work on the product indicated four 
answers, all of them acceptable com- 
mercially. 

Another example of design waiting for 
research is in stress determination. Dur- 
ing the last war, test experience disclosed 
a weakness in an existing design of blade 
connecting rods in an aircraft engine 
manufactured by the company with which 
the writer is associated. A Stresscoat, or 
brittle laequer inyestigation, showed a 
highly stressed point which was greatly 
reduced by removing metal from the exist- 
ing design. Test results confirmed the 
findings and approximately one-quarter 
million dollars worth of blade rods were 
saved by reworking the existing rods. 
This is clearly a case of design “waiting” 
for research. 

Another example which the writer has 
cited is in regard to surface finish on the 
cam followers of the same engine on which 
a smooth honed finish was discontinued, 
using the ground finish only, present be- 
fore the honing. This procedure elim- 
inated approximately ninety per cent of 
the scuffing of the followers, present with 
the original finish. Another ease of design 
waiting for research for improvement. 
This particular item points out one highly 
significant fact in engineering design— 
that the parts themselves will tell you 
what operating conditions they like or 
what is “good” or not, which may well 
be at variance with certain theories not 
based on facts. This leads to the moral 
that one must have an open mind at all 
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times until competent testing reveals the 
facts. 

Another example of design waiting for 
research was in the development of the 
transmission brought out by the writer's 
company two years ago. 

The direct clutch and torque converter 
assembly had a combination of members, 
all of which were Stresscoated with brittle 
lacquer and spun at a series of increasing 
speeds to determine the highly stressed 
points. 
changes were made to reduce these stress 


A eonsiderable number of design 


raisers and a final check was made by 
bursting all of the parts involved. 

Many more examples could be given to 
show that design must wait for investiga- 
tion or research before it can proceed 
safely. This is one of the biggest un- 
knowns in attempting to “time” the com- 
mercial introduction of basically new de 


signs. 


Researe h Cove rs a Broad Five ld 


I may be challenged by some for in 
cluding some of these examples as re- 
search. My only answer is that present 
research covers a very broad field. We 
have all heard much about the new nuclear 
research. Most of us, however, have not 
heard of and do not 
amount of manufacturing research that is 
going on. One other example is the work 
of Dr. Hans Ernst with the Cincinnati 
Milling Machine Co., on the actual be 
havior of the metal in the cutting process. 
His exceptionally clear high-speed movies 
show that ordinary chip removal is def 
initely a shearing process at a well estab 
lished angle instead of being a “paring” 
process as pictured in many illustrations 
for years. This is a definite contribution 
to our knowledge of a process used for 
centuries. 

Let us take the other side of this picture 
where designers use the products of re- 
search. This can probably be illustrated 
best by a number of examples. 

In the early Thirties, the writer had 
occasion to work on the development of 
the first rubber crankshaft vibration 


realize the vast 
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damper used by our company on pas- 
senger car engines. Our tests had shown 
that there must be a combination of an 
elastic coupling and friction present be- 
tween the damper flywheel and the crank- 
shaft. Our tests also showed that rubber 
had no friction present of commercial 
value. This resulted in our employing 
friction dises in addition to the rubber 
elastic coupling. If we were to design 
this damper today, we would have avail- 
able rubber “loaded” with certain com- 
pounds that would add friction to it or 
give a “hysteresis loop” of sizable value 
so we would doubtless eliminate the fric- 
tion plates. However, research has also 
brought another party into this picture— 
silicone fluids of constant high viscosity 
which are now used in dampers, eliminat- 
ing the mechanical friction materials and 
rubber, also. In our early work we had 
visualized how nice it would be to mount 
a flywheel in a casing only but knew the 
oils we were acquainted with would change 
too much in viscosity to be commercial. 

The development of plastics has made 
designs possible that could not be con- 
sidered a few years ago. Gears can now 
be molded from nylon at a fraction of the 
cost of cutting them. For many purposes 
the nylon gears are superior to the metal 
gears. This is only one of many uses 
plastics are being put to. 

The DuPont Company has just com- 
pleted an experimental station for funda- 
mental research, built over the last three 
years at a cost of 30 million dollars. Du- 
Pont defines scientific research as “a 
critical investigation in the physical sci- 
ences directed to discovery of new knowl- 
edge.” The company divides research into 
three categories: Improvement in existing 
processes and products; development of 
new ones; and fundamental research to 
uncover new knowledge without regard to 
specific commercial objectives. DuPont 


says it does research because it has to. 
This can be well understood when we 
realize that more than half of the com- 
pany’s sales in 1950 were in prodacts 
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either unknown or in their commercial! 
infancy twenty years ago. 

In thinking about the relationship be- 
tween design and research, one thing al- 
ways comes to my mind—that is the im- 
portance of proper analysis of the design 
in the light of what it is to accomplish. 
I have seen a goodly number of designs 
that were not operable which could have 
been “saved” or made to operate by being 
properly analyzed and the indicated steps 
taken to correct the design. There is 
no function in engineering design or de- 
velopment that pays off so well for the 
effort expended. 


Importance of Fundamentals 


To properly and efficiently analyze de- 
signs, the young engineer should know his 
fundamentals well, not just have a speak- 
ing acquaintance “with” or “of” them. I 
found my own collegiate education lacking 
in elementary mathematics, kinematics, 
advanced mechanics, particularly in vibra- 
tions and some other courses. I feel my 
own collegiate education would have been 
more valuable had more time been spent 
on the fundamentals of all the sciences 
and less on general reading courses. 
After the student has finished his formal 
or “official” education, he has to read and 
glean information all his life anyway. 
The time spent at college can be used best 
in equipping him with the “best” tools 
possible for his future use. 

What must industry have, to be willing 
to finance research on a long-term basis 
particularly to yield products that de- 
signers or others may use? Industry must 
be able to reap a fair reward for promot- 
ing many projects, most of which will not 
pay out as it is only a gleaning of the 
many projects that finally becomes one 


of the future products of the company. | 


Over a period of time, engineers and 
others will thrive only as the organization 
they are in thrives. We each have a per- 
sonal responsibility to do our bit toward 
keeping our economic and governmental 
structure on a sound basis. That permits 
and encourages companies to extend them- 
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selves research-wise with reasonable re- 
wards possible for developing new and 
better products. 


Individual Freedom Necessary 


Companies and individuals must con- 
tinue to operate in an atmosphere where 
individual freedom continues to encourage 
research and design so they will continue 
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for the benefit of the many, and will result 
in the satisfaction of creativeness in the 
individuals engaged in the work which 
is one of the major dividends to them. 

I hope these few brief remarks and 
examples will serve in a small way to 
demonstrate how research and design work 
together and under what conditions they 
can operate most effectively. 
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Mid-Winter in New York 


By M. 


B. LAGAARD 


Chairman, Engineering Drawing, Northwestern University 


and 


I 3. L. 


WELLMAN 


Professor of Mechanical Engineering, Worcester Polytechnic Institute 


The Mid-Winter Meeting of the Engineer- 
ing Drawing Division, which was held in 
New York on January 28rd to 25th, will be 
long remembered by those who attended. 
Members of the host institutions, Columbia 
University, The Cooper Union, and the U.S. 
Military Academy are to be congratulated 
for their well planned program. 

The Cooper Union was our host on the first 
day. Following a tour of their historic 
Foundation Building, Mr. Renato P. Iodice 
presented a paper on the application of 
descriptive geometry in shipbuilding. The 
content of his talk was carefully designed 
to lay the groundwork for our afternoon 
visit to the Mold Loft of the New York 
Naval Shipyard. There Lt. W. J. Dixon 
demonstrated with the aid of two loftsmen 
the development of a shell plate of a ship. 
The work was carried out in detail from the 
given frame lines of the ship to the actual 
layout on the loft floor of the full-size paper 
template. The tour through the ship-fitters 
shop showed how the massive plates are cut, 
beveled, drilled, and rolled to proper shape. 


Columbia University entertained us on 
Friday. In the morning session the an- 
nounced paper by Mr. Lloyd E. Varden on 
photographic processes was followed by two 
others. Professor L. R. Schruben of the 
University of Southern California spoke on 
the relations of the engineering freshman 
to his drawing instructor, and Professor 
H. B. Howe of Rensselaer Polytechnic In- 
stitute described some of the statistical re- 
search methods he has used to test his teach- 
ing procedures in drawing and descriptive 
geometry. After the luncheon and business 
meeting the afternoon was devoted to in- 
spection trips. 

No greater substantiation of the fact that 
drawing is a basic and fundamental part 
of all engineering could be found than in the 
curriculum at West Point, where the same 
organization that trains the man also em- 
ploys him after he graduates. The thorough- 
ness with which they cover the field of draw- 
ing is ample evidence of the importance they 
attach to it. 

(Continued on page 372) 





Improvement of Cooperation Between Indus- 
trial Engineering Faculty and Industry * 


By ROBERT T. BORTH 


Manager, Community Relations, Employee Relations Division, General Electric Company 


I am indeed grateful for the opportu- 
nity to appear before you distinguished 
educators today—and for a_ three-fold 
reason: First, because I am directly con- 
cerned with industrial relations—strug- 
gling daily with its problems in the Gen- 
eral Electrie Company—and I come to 
you for help, and advice. Second, because 
so much of the future progress of the 
American free competitive enterprise sys- 
tem (our profit or loss system) depends 
upon our success in the area of industrial 
relations—on the pursuit of job satisfac- 
tion for the 60 million people of our work- 
ing force, and upon their acceptance of 
ever greater technological advancement in 
arm-lengthening tools. I weleome always 
an opportunity to help expand the hori- 
zons of our industrial thinking. And 
third, because you, in the field of educa- 
tion, can accomplish so much in the de- 
velopment of sound-thinking economically- 
statesmanlike future leaders in our busi- 
nesses and professions. We in industry 
welcome any opportunity to discuss our 
growing problems with you— problems 
which we must solve together. 


Perplexing Problems 


Believe me, I appear before you today 
in sincere humbleness—nothing quite so 
humbles all of us businessmen as failure in 
the midst of success. Mr. Lee of Standard 
Brands put it quite clearly in a talk a 


* Presented before the Industrial Engi- 
neering Division at the Annual Meeting of 
the ASEE, Troy, N. Y., June 22, 1949. 


couple of weeks ago when he said: “The 
peoplé will go into the stores and vote 
for your products by purchasing them, 
and then go to the polls and vote you out 
of business.” 

We business men, we like to think, are 
people of the highest ability, the best in- 
tentions, and the architects of the greatest 
standard of living in history—both as to 
material and spiritual well being. We are 
great physicists, chemists, engineers. We 
are phenomenal manufacturers. We have 
been fabulous financiers. We are superb 
in individual selling and mass marketing. 

Yet, as the whole man of business—the 
manager and leader—we are condemned. 
When we try to merchandise the overall 
economic and social consequences of our 
operations, we fail. In fact, it has be- 
come the habit of many politicians to 
believe that the way to sure election is to 
promise, the correction of our “wicked 
abuses,” to our employees and the public. 
This is a successful habit not just of cheap 
and ill-mannered politicians, but of those 
of the most impeceable backgrounds of 
family and education. 

People like—and respect—the results of 
our separate professional skills. But 
taken as a whole, our activities seemingly 
are regarded by a majority of the public 
as anti-social. 

How do we find ourselves in this situa- 
tion? With our customers, stockholders, 
and vendors approving of us, to be sure. 
But with our employees and their allies— 
the unions, the government, too often the 
clergy, too much of the public—in other 
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COOPERATION BETWEEN FACULTY AND INDUSTRY 


words our real bosses—not only not re- 
specting and liking us, or even appreciat- 
ing or understanding us, but even not 
crediting us with good intentions—with 
being on their side—by which we mean 
being on the side of what’s good for all. 

People are led to believe that the jobs 
we provide are not what they ought to be. 
They are led to believe that the economic 
and social consequences of our activities, 
and the system back of our activities, are 
not what they ought to be for the good of 
each community and of the nation. They 
think that we are smart, skilled, technically 
honest, but coldly selfish and not on the 
side of employees and the public. 

As a result, they not only do not seek 
our participation in important affairs, in 
the running of the country—but in many 
fields they don’t permit it—and we are 
largely ruled out of councils as undesir- 
ables. Yet we are the same people who 
give largely those same people the prod- 
ucts and prices they like in the individual 
cases, in the direct-or indirect investment 
safety and return they have liked. 

What can be the matter? What ought 
to be done? And who ought to do it? 
We, at General Electric, think it is largely 
the job of business. But you edueators 
can be a tremendous help. 

At G. E.—where we have all these 
questions—we decided two years ago 
that we, at least, would have to try to do 
something about it, and that we certainly 
must not continue to take these puzzling 
problems lying down—or go on about our 
customary pursuits being technically suc- 
cessful while failing in the larger and the 
only really important sphere of true per- 
sonal accomplishment and real social use- 
fulness. 


The Approach 


We determined to try to draw on our 
sales and general management experience 
to determine what were all the things 
which we did to make us successful in the 
product sales field but which we were not 
doing in the job customer and community 
relations field. 


“2 
in 


Using typical market research to learn 
the likes and dislikes of our employees and 
then employing product planning meth 
ods, we determined that our first job was 
to have us all in management—that in 
cludes foremen—work toward giving each 
model job with 
specific features the employees had said 
they wanted. 

Our approach toward this 9-point, new 
model job was along three lines. 


employee a new nine 


(1) Getting and keeping the pay, work 
ing conditions, and other material 
characteristics of each job up to 
the ever-rising standards in these 
respects— VOLUNTARILY. 

(2) Getting supervisors at all levels to 
establish genuine and continuous 
and intimate two-way communica 
tion with each employee—to respect 
his dignity, supply him with desired 
information, give him a real sense 
of importance and participation,— 
and act like salesmen instead of 
bosses, getting the 
want to do what’s wanted and not 
in any sense be driven to do so. 
We think we have found that even 
if the employee—or his family and 
neighbors—feel he has got the best 
pay, best working conditions, and 
best boss in town—if he feels his 
boss and company have been liter- 
ally “born again” and are on his 
side, and are really putting human 
considerations first—it still isn’t 
enough. 


employee to 


~— 


And right here we run into what I think 
is the most colossal and the most pressing 
problem of our times. We know, for 
instance, how to price our jobs and how 
to be the salesmen to sell and satisfactorily 
serve our job customers—and we only 
need to transfer to that area the skills we 
have developed in our product marketing 
departments. 

But we have few skills in this third area. 
Few of us know, or can put convincingly 
in words of one syllable, the reasons why 
our profits are not the reason for high 
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prices as the left-wingers charge. Too 
few of us really know our economics— 
the relationship of wages, prices, taxes, 
and profits and loss—the function of sav- 
ings and of investment in technological 
advances—the social gains of incentives 
and competition in a free market of mil- 
lions of individual decisions versus central 
planning—how we can and do raise our 
real wages, our real standard of living— 
how we get into a disinflation like the pres- 
ent, and how we can get through it and 
come out into a healthy, steady era of 
sound business instead of another silly and 
debilitating spree. 
Futility of Passive Resistance 

Why is it so frightening for business- 
men, employees, all serious and patriotic 
citizens not to know—and not to be teach- 
ing and discussing sound economics and 
good sensible political conduct? 

It’s because of this new kind of robber 
barons that have gotten more and more 
successful elsewhere out around the world 
during the last 30 years. They always 
first get themselves outwardly cloaked in 
the mantle of the common man. But their 
objective is power—and power direct 
rather than through money. Their meth- 
ods are therefore political and not ecom- 
mercial (which is where our ability is). 

Businessmen, unthinkingly continue to 
devote themselves purely to the customary 
commercial pursuits, have meanwhile in 
country after country been gradually 
weakened and then displaced. Along with 
their displacement went freedom—for all 
the people—freedom and any hope of 
human dignity, plenty, and the good life. 

After seeing this at work abroad among 
our enemies and our allies alike for thirty 
years, what do we find ourselves doing? 
We rich Americans, whose so-called “ill- 
fed, ill-housed, and ill-clothed lower third” 
are so well off that they are the envy of 
the rest of the world! We natively smart 
Americans, who not only have fine basic 
education but have had others’ experience 
enacted right before us so we don’t have 
to theorize or experiment or take any 
foolish chances!! 


How are we acting? What are we 
doing? 

First, we are putting on a great spec- 
tacle of how sorry we are for ourselves. 
Our plight seems indeed tragic. We only 
treated ourselves to one million new homes 
last year—41%% million refrigerators—al- 
most 5 million motor vehicles, on top of 
about 38 million already on wheels at the 
beginning of the year. We right now— 
with the possibility of some overdue read- 
justment looking us in the face—still seem 
to be making progress toward going out 
and getting in each other’s way with an- 
other 4 or 5 million ears this year. 

Second, we had all these new things and 
all these savings left after handing over 
taxes to our federal government at a rate 
of over $40 billion a year. And get this 
picture! Half of this $40 billion of taxes 
is being spent to ward off the foreign 
Communist menace to our system and 
safety, while right at the same time here 
at home too many of us in and out of 
government and unions and business are 
joyously, if not hysterically, embracing 
one after another of the very ideas, in- 
fluences, features, or ingredients of collee- 
tivism (or communism with a small “e’’) 
that can surely lead us off the deep end 
into the same type of police state we so 
fear—the very police state of poverty, 
slavery, and hopelessness we are fighting 
with our billions to prevent from happen- 
ing elsewhere. 

What do we have to do to be saved, 
then? It seems to me all we have to do 
is just to do exactly as we do when we 
encounter any other unsound or unfair 
salesman out trying to compete for our 
customer’s favor. We take a good look 
at our product, make certain again that 
it’s right in function and price for the 
current market, and then go out to sell 
the daylights right out of the something- 
for-nothing boys. 





Responsibilities of Citizenship 


A distinguished M.I.T. professor told 
me in New York last week that he was 
beginning to believe that the missing in- 
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gredient in employee relations and com- 
munity relations was summed up in the 
one word “politics’—or political action 
by manager, stockholders, bondholders, 
insurance policy holders, savings bank 
depositors, pensioners, and others with an 
interest in keeping the value of money 
honest, the standard of living rising, and 
the freedom of choice, speech and move- 
ment really free. 

I would agree if he meant by political 
activity the mastery of sound economics 
and the insistence by citizens on sound 
economic teaching and practices by their 
representatives in government, in unions, 
even in the clergy, as well as in business. 

Those who have been in Washington 
recently will know already that, while 
there is a selling job to be done there, the 
primary selling job must be done at the 
grass roots. The Senators and Congwss- 
men are like furniture buyers sent to the 
annual market with not much leeway for 
their own discretion or taste. They do— 
and are supposed to do—what the folks 
back home want done. 

Who is to do something about all these 
things? Who is to keep on—in the critical 
days ahead—talking to his Congressmen 
and friends about proper legislation in the 
public interest? Who is to learn, and 
then teach economics? Who is to put his 
citizenship duties ahead of his commercial 
duties? 

I can’t speak for others, but I can tell you 
it is the individual conviction of member 
after member of the force of 15,00 in G-E 
management not to look to others or to try 
to delegate this job of good citizenship to 
subordinates or to associations—but to do 
this job ourselves. Each one of us to the 
degree we can attain the personal facility 
and command the interest of others in 
the things we are trying to do in the 
public interest. 

Many of us have seen—are seeing and 
writing—our Congressmen and Senators. 
We have testified on pending legislation 
before House and Senate Committees. 
We are telling our neighbors back at the 
grass roots what we think. We are learn- 
ing economics and teaching economies to 
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our supervision, our 200 thousand em- 
ployees, our 7 million neighbors in our 
plant cities. We are discussing in print 
every controversial public issue that in- 
volves job-connected economies or public 
policy effect on us, our employees, or our 
neighbors. 

I have outlined for you what we are 
trying to do in this wide area of industrial 
relations. Many other concerns facing the 
same problems are following a similar 
course, or a different course toward the 
same objectives. 


Staving off the Tide 


You gentlemen might well encourage 
and abet this trend toward the main essen 
tial—economics. Not only should students 
absorb all the economies they can but it 
would be wonderful if upon graduation 
they were equipped to be economic teachers. 
I mean by that not only to be equipped as 
teachers in the formal sense but as teach- 
ers who are able to debate the theories and 
practices of economies with tough and 
facile opposition over the radio, on tele- 
vision, at women’s clubs, church meetings, 
and public meetings of all kinds. If we 
ever are going to be able to understand 
fully this wonderful system of ours, we 
have got to have a sort of “town meeting” 
going on constantly wherever citizens 
meet, from groups of two on up, and to 
lead such diseussions we need sound 
students of economics. 

You gentlemen could help too, in the 
various projects that are going on around 
the country now in the organization and 
conduct of adult economies courses. In 
this connection I would like to tell you 
something of what we in General Electric 
have done to encourage such adult eco- 
nomies courses. In Schenectady, last 
autumn, we assisted the Lions Club there 
in arranging a discussion course whereby 
members of a panel, led by a trained in- 
structor, sat upon a stage in an auditorium 
and through discussion developed the 
theories of sound economies and applied 
them to their day-to-day operation. Sub- 
seribers included businessmen, union lead- 
ers, the clergy, and professional people 
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who sat in the audience and listened to the 
diseussion going on on stage. The course 
was entitled “What Every Man Should 
Know About Business.” This was entirely 
an experimental proposition but it was so 
well received that we circulated reports 
of it across a wide segment of our friends 
and contemporaries around the country. 
Since that time similar courses have been 
held elsewhere. In my own home city of 
Syracuse, the Citizens’ Foundation con- 
ducted the course and drew a sell-out 
crowd of 700 throughout the full 13 weeks 
that it ran. Attendance was entirely 
voluntary and was paid for, by the most 
part, by the individuals attending. These 
people were happy to give up one night 
a week to learning fundamentals of our 
economic system. 

At Grand Rapids, Michigan, I under- 
stand the course has had similar success 
and plans are underway now to continue 
the course at Worcester, Mass., and 
Bridgeport, Connecticut, and half a dozen 
other cities around the country. Hardly 
a day goes by but what we in General 
Electric receive queries about the success 
of the course and how it was conducted. 
This is a third area where you gentlemen 
might well imdeed assist business in im- 
proving industrial relations. 

What I think we all ought to do to con- 
tribute to the understanding, the preserva- 
tion, and the improvement of our free and 
wonderfully productive system of incen- 
tives and competition are as follows: 


(1) Before anything else we have got 
to be born again (and you can help 
We have got to 


in that rebirth). 


shake a life-time’s habit of mind 
about values. 

(2) We have got, of course, to provide 
good jobs and good bosses (and in 
the latter sphere you again can 
help us). And we have got to have 
this known to our employees, to 
their neighbors, and to the whole 
public. 

(3) Then we come to this larger job 
itself. That’s the job of deserving 
and getting a favorable economic 
climate for our operations, and 
then deserving and getting favor- 
able recognition for the overall 
economie and social consequences 
of the way we have embraced this 
opportunity. 


But it’s got to be done if business manage- 
ment—in fact our free system—is to sur- 
vive. I think it can be done if we will 
recognize and do something about it. 

But businessmen need your help. We 
need your help to make more of us —and 
those to follow us—understand this won- 
derful system of ours—help to learn how 
to preserve and improve it rather than let 
it be damaged, or even perish. We need 
your help in seeing that a majority of 
citizens understand the economic facts of 
life, the proper working of our system, 
and the fallacy of all these contrary some- 
thing-for-nothing fairy tales. With your 
help—and with similar help from educa- 
tors everywhere—I feel sure that the 
bridge of industrial relations, the lifeline 
of our great free competitive enterprise 
system, will be a lasting and monumental 
edifice which will not and cannot be torn 
down! 
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An Employment Survey of Industrial Engi- 
neering Graduates of the Pennsylvania 


State College” 


By GEORGE L. 


THUERING 


Assistant Professor, Department of Industrial Engineering, The Pennsylvania State College 


The first curriculum in Industrial En- 
gineering in this country was started at 
The Pennsylvania State College in 1908, 
some 43 years ago. Upon the occasion of 
its fortieth anniversary in 1948 the De- 
partment felt that it would be appropriate 
if it undertook a study of its graduates to 
determine what they were doing and how 
they had fared since graduation. 

The Department graduated its first two 
students in 1910. From 1910 through 
1948, the period covered by this survey, 
1051 students were graduated. In the 
two years since 1948 another 315 have 
received degrees in industrial engineering. 
As one might expect, during the early 
vears the graduating classes were small 
and averaged about 10 men per year. 
Following World War I and coinciding 
with the “Efficiency Expert” era of in- 
dustrial engineering, enrollment climbed 
and an average of 35 men per year re 
ceived degrees. From 1925 through 1938 
enrollment was fairly stable. Graduating 
classes averaged 21 per year with a high 
of 29 in 1927 and a low of 151n 1933. The 
period of stability ended with the class of 
1939, and a period of growth began. This 
growth, which actually started with the 
freshman class of 1935, was interrupted 
in 1944, 1945 and 1946 by the war, and 
was greatly accelerated by returning vet 


* Presented at the 59th Annual Meeting 
of The American Society for Engineering 
Edueation, at Michigan State College, East 
Lansing, Michigan, June 25-29, 1951. 
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This year (1951) 
approximately 90 degrees will be granted, 
a drop from the maximum of 164 degrees 
granted in 1949. 


erans in recent years. 


Method 


The survey of the alumni was conducted 
by mail. It was possible to contact 880 
of the 1051 graduates of the years 1910 
through 1948, and replies were received 
from 615. This represented 51.8 per cent 
of all graduates or approximately 70 per 
cent of those contacted. 

The replies were grouped and reported 
by five-year intervals starting with 1911. 
The one exception was the most recent 
group which contained the three years of 


TABLE 1 
COMPARISON OF NUMBER OF GRADUATES AND 
NUMBER OF REPLIES TO QUESTIONNAIRE 





Years Graduates Replies | ‘ane 
1946-48 209 149 71.3% 
1941-45 192 120 62.5% 
1936-40 167 108 64.6% 
1931-35 100 58 58.0% 
1926-30 114 69 60.59, 
1921-25 173 72 41.6% 
1916-20 61 29 47.59, 
1911-15 33 6 18.2% 
1910 2 0 

Totals 1051 615 58.19, 
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1946, 1947 and 1948. This grouping was 
decided upon as it was felt that a grad- 
uate’s age, or the era in which he grad- 
uated, might have some influence on his 
work. It was also felt that the smaller 
number of replies from older graduates 
would be lost among the large number of 
replies from more recent and also con- 
siderably larger graduating classes. In a 
further attempt to facilitate comparison 
and reduce misunderstanding all results 
were reported in percentages of replies. 


Results of Survey 


A summary of the number of graduates 
and number of replies is given in Table 1. 





SURVEY OF INDUSTRIAL ENGINEERING GRADUATES 


As one would expect, a greater percentage 
of replies was received from the more 
recent graduates. The highest percentage, 
71.3 per cent, came from the 1946 through 
1948 group and the lowest, 18.2 per cent, 
from the 1911 through 1915 group. 
When the replies were analyzed, it was 
found that graduates were in a wide range 
of industries and in a variety of oceupa- 
tions in these industries. Table 2 shows 
the percentage distribution of graduates 
according to industrial fields. 
Seventy-two per cent of all graduates 
were employed in the major industrial 
field of manufacturing. The 1941 through 
1945 group with 78.3 per cent had the 


TABLE 2 


PERCENTAGE DISTRIBUTION OF GRADUATES BY INDUSTRIAL FIELDS IN WHICH 
EMPLOYED AND YEAR GRADUATED * 











Agriculture and Forestry 

Mining 

Construction 

Manufacturing 
Food and Kindred Products 
Textile Mil] Productst 
Lumber, Furniture and Lumber Products 
Paper and Allied Products 
Printing and Publishing 
Chemicals and Allied Products including 

Rayon 

Petroleum and Coal] Products 
Iron and Steel and Their Products 
Machinery , 
Transportation Equipment 
Other Manufacturing Industriest 

Transportation 

Communication 

Utilities 

Other Industry Fields (Service) 

Any Field Not Specified 

Unemployed 

Student 

Wife 
































Total | 7" “= = _ —¥ .¥ — 
8|— 1) B=) — | — fe] 1 — fe 
3|—!| st— | —] 1.4] 14] —] — 
7| .7] 8| —]| 17/14) —]—] — 
72.0 |75.2 |78.3 |77.8 |76.0 169.5 |54.2 155.2 |33.3 
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28.8 |33.6 |42.5 |22.2 134.5 |17.4 |19.4 |13.8 |16.7 
3.3] 2.6] 3.3] 6.6] 5.2} 29} —| — |] — 
7.7| 4.7| 6.7] 7.4] 6.9 114.5] 8.3 13.8] — 
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17.9 |12.8| 9.2 {19.5 |19.0 |14.5 |29.2 |41.4 |66.7 
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* Adapted with some deletions and additions from the list in “The Engineering Profession in 
Transition,” A Report of The Engineers Joint Council on the 1946 Survey of the Engineering 


Profession, prepared by Andrew Fraser. 


t Including clothing but excluding rayon. 
tA large part of this consists of companies manufacturing insulating, roofing and floor 


covering materials. 


Page 71, Engineers Joint Council, New York. 
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TABLE 3 


PERCENTAGE DISTRIBUTION OF GRADUATES BY OccUPATION (FUNCTION) AND YEAR GRADUATED 


Total 
Sales* | 15.4 
Consultant 2.0 
Own Business, Partner or Officert 11.3 
Technical Engineering 7.9 
Manufacturing (Line) 9.2 
Manufacturing (Staff) 42.2 
Methods and Planning 6.9 
Time and Motion 6.1 
Costs 2.5 | 
Coordination 3.3 | 
Personnel 3.6 | 
General Industrial Engineering 11.4 | 
Other | 8.5] 


Other 12.1 | 





1946- |1941- }1936- |1931- |1926— |1921~ |1916- [1911 
4 35 


45 40) 35 30 25 20 15 


17.5 | 16.7 | 13.9 | 10.3 | 10.1 | 19.5} 17.2 | 16.7 
4.6; 5.2] 1.5] 1.4] 69 


| 


2.7| 5.8| 6.5) 15.5 | 26.1 | 20.8 | 27.6 | 16.7 
4.0}10.0| 83/13.8| 4.4] 11.1} 3.5] 16.7 
4.7/10.8; 9.3} 12.1] 16.0} 8.3} 6.9 
50.4 | 47.5 | 57.5 | 39.7 | 36.2 | 25.0| 13.8 
110.7) 8.3} 11.1} 5.2] 1.5 
11.4] 9.2| 7.4 1.4 
2.7| 1.7] 5.6] 1.7] 1.5] 1.4 
2.7| 5.0} 3.7| 3.5) 1.5) 14) 69 
2.0} 1.7] 5.6] 10.3] 7.3] 1.4 
12.8 | 15.0} 12.0} 12.1} 11.6} 4.2!) 6.9 
8.1} 6.7) 7.4) 6.9] 13.0) 15.3 
20.8} 9.2! 5.6] 3.5| 5.8] 13.9} 24.1} 50.0 


| | 


* Sales and sales engineering, does not include self-employed sales representatives. 
t All self-employed, including self-employed sales representatives. 


highest percentage in this field. Of the 
specific industries within the field of man- 
ufacturing, the machinery industry with 
28.8 per cent and the iron and steel in- 
dustry with 12.5 per cent employed the 
greatest number of graduates. These per- 
centages are similar to but slightly higher 
than those obtained for Mechanical-In- 
dustrial Engineers in a nation-wide survey 
conducted in 1946. In the 1946 survey 
65.6 per cent were in manufacturing, 11.2 
per cent in iron and steel, and 22.4 per 
cent in machinery manufacturing.' 

Of the remaining 28 per cent of the 
graduates who were not in manufacturing 
more than half were in service type ac- 
tivities. Service type work which in- 
cluded wholesale and retail trade, educa- 
tion, government service and similar ac- 
tivities employed 17.8 per cent of all 
graduates. 

The only significant trend by years was 
a decrease in the percentage of older 
graduates in manufacturing and a cor 


1‘*The Engineering Profession in Transi- 
tion,’? A Report of The Engineers Joint 
Council of the 1946 Survey of the Engineer 
ing Profession, prepared by Andrew Fraser, 
page 87, Engineers Joint Council, New York. 


responding increase in the proportion in 
service type work. 

As a further aid to analysis Table 3 was 
prepared. This tabulation shows the dis 
tribution of graduates by occupation 
(function). Manufacturing (staff) posi 
tions were held by 42.2 per cent of all 
graduates with the second largest per 
centage, 15.4 per cent, in sales. The next 
three occupations in order of importance 
were own business, manufacturing (line), 
and technical engineering. Only 2 per 
cent were working as consultants or em 
ployed by consulting firms. As one would 
expect, the percentage of graduates who 
owned their own business or were partners 
or officers in corporations increased with 
an increase in age. Offsetting this was a 
decrease in the percentage of older grad 
uates holding manufacturing (staff) posi 
tions. 

A comparison of the data in Table 5 
and similar data presented in a study of 
all engineers by The American Society for 
Engineering Edueation in the 1920’s is 
interesting.” In the 1920 study it was 


2**Report of the Investigation of Engi 
neering Education 1923-1929,’’ Fig. 2, page 


232, Volume I. 
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discovered that immediately after graduat- 
ing 71.2 per cent of the engineering grad- 
uates were doing work that was primarily 
technical, and 28.8 per cent were doing 
work that was primarily administrative. 
However, among the graduates with more 
than fifteen years experience (fifteen to 
forty years experience) only 30.5 per cent 
were doing technical work, and 69.5 per 
cent were doing work that was primarily 
administrative. 

If one considers as the 1920 study did 
the fields of sales, own business, manufac- 
turing (line), and manufacturing (staff) 
in Table 3 to be primarily administrative 
work, and the field of technical engineer- 
ing to be primarily technical, the follow- 


ing percentages result : 


1916-20 
1921-25 
1926-30 
1931-35 
1936-40 
1941-45 
1946-48 


Primarily 
Technical 
Work 
3.5% 
11.1% 

4.4%, 
13.8% 
8.3% 
10.0% 
4.4% 


Primarily 
Administrative 
Work 


65.5% 
73.6% 
88.4% 
77.6% 
77.0% 
81.1% 
75.3% 


This tabulation shows that the over- 
whelming majority of the graduates 
started in primarily administrative work 
and remained in that type of work. The 
percentage in primarily technical work 
was small and did not change with age or 
experience. 


Summary 


The findings of the survey can be sum- 
marized as follows: 


Li 


Seventy-two per cent of all graduates 
were employed in manufacturing in- 
dustries. More than half of this 
group was in iron, steel and machin- 
ery manufacturing. 


. The remaining 28 per cent of the 


graduates were employed in a great 
variety of industries and businesses 
with the majority in service type 
activities. 

From the standpoint of occupational 
activity, 78.1 per cent were doing 
primarily administrative work. The 
largest single percentage, 42.3 per 
cent, had manufacturing (staff) posi- 
tions with the next largest group, 
15.4 per cent, in sales. 
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TIMELY TIPS 


(Papers submitted for TIMELY Tips should not exceed § pages of type written, double spaced 
material, including any mathematical formulas, and should contain not more than 2 


illustrations. ) 


The Questionability of Questionnaires 


By ARTHUR M. HILL 


Head, Mechanical Engineering Department, Tulane University 


The questionnaire is a popular device 
for obtaining information on specifie sub- 
jects. However, more thought might be 
given to the convenience of the person 
receiving it. 

First, a self-addressed and stamped 
envelope should be enclosed. 

Second, the mimeographed blank for 
answers should include the name and ad- 
dress of the or?tginator of the question- 
naire. 

Third, date all questionnaires. It is just 
good engineering practice to date material 


and it might serve to jog the recipient into 
a reasonably prompt reply. 

Fourth, before deciding on final form, 
try out the questionnaire on a fellow 
faculty member, preferably one who 
comes from a university outside of your 
community. Too often questions may 
seem clear to the writer, but will appear 
vague to others. 

Fifth, remember that answering is time 
consuming ; keep the questions to a min 
imum number. 


Deflections by Euler’s Double Integration Method 


By G. SONNEMANN 


Assistant Professor of Aeronautical Engineering, Drexel Institute of Technology 


Professor M. W. Jackson clarified in 
his recent article* the relation between 
the Virtual Work, Dummy Load, Con- 
jugate Beam, and Area Moment method 
for computing the deflections of a beam. 
The Euler Double Integration Method 
should also be clarified, or better, be 
simplified. 

The inherent difficulty with the Euler 
Double Integration Method as presently 
taught in most schools is the great num- 


* Journal of Engineering Education, Octo- 
ber, 1951; Vol. 42, No. 2, pg. 112. 
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ber of constants that have to be evaluated 
in any given problem. This basie diffi- 
culty can be readily overcome and one 
can reduce any elementary strength of 
material problem to one in which only 
one constant has to be evaluated. It can 
be readily seen that under those cireum- 
stances the Euler Double Integration 
Method more convenient 
method than the area moment method. 

In brief one has the following consid- 
eration. Examination of Fig. 1 shows 
that the distributed load stops at point B. 


becomes a 
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Due to this the equation changes for the 
bending moment once point B is passed. 
This causes the difficulty in evaluating 
the constants. 

If one now makes use of the principle 
of superposition, namely, continue the 
downward load from B to the reaction C, 
then the bending moment equation re- 
mains the same. The only objection is 
the introduction of the additional down- 
ward load, and this objection is removed 
by introducing an equal and upward dis- 
tributed load from BtoC. Fig. 2 depicts 
this type of loading. 
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One sees that three equations are 
needed for each figure but let an inspec- 
tion of the equations pertaining to Fig. 2 
be made. The three equations are in the 
integrated form: 


























Fig. 2. 
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DEFLECTIONS BY EULER’S DOUBLE INTEGRATION METHOD 


_ Rix’ w 
Ely = —_ 24 ix —_ a}4 
) < 
Ww : 
+ 24 {x — bj4 + cor + Ce 


6s 2c}: 3) 
Observe now — at the juncture points, 
ti x =a, «= b Eq. (1) and (2) and 
Eq. (2) wot (3), respectively, become 
identical except for the constants which 
are related by the relations: 
Q—- C3 = 0 


(3 -—t:=0 (6); (6—¢t,=0 (7) 


or combining above 


C; = Cs (8); Co = Cs. (9) 
Hence, Eq. (3) can be written in the 
form: 
: R,x w 
Ely = r — 5g (t — al" 
w f 4 . § 
+ 24 on™ b} + C2 + Co. (3a) 


If one now agrees to omit the {| } brack- 
eted term when the quantity inside it is 
negative, it is apparent that Eq. (8a) 
reduces to Eq. (2) and Eq. (1) in the 
appropriate range of x. cs = 0 since at 

= 0,y = 0. Hence, only one constant 
has to be evaluated to solve the problem. 

Space considerations prevent a presen- 
tation of several types of problems but a 
short paper has been prepared by the 
author and will be furnished upon re- 
quest. However, one can readily see 
that this method is a tremendous time- 
saving factor. 











le 





AMERICAN SOCIETY FOR ENGINEERING EDUCATION 


NOMINATION BLANK 





“ARTICLE XI, Section 3. (Election of Officers) By means of a form to be printed 
in The Journal of Engineering Education or in the preliminary program of the annual meet 
ing, an opportunity shall be given to individual members of the Society to submit names of 
persons to be considered for said officers. These names, on the form provided, shall be sent 
to the Secretary of the Society not less than sixty (60) days prior to the annual meeting; and 
the Secretary shall submit the suggested names to all members of the Nominating Committee.” 


In order to make the election of officers of the Society as democratic as possible, 
members are urged to fill out the nomination form and return before April 15, 1952 
to the Secretary, A. B. Bronwell, Northwestern University, Evanston, Illinois. 


I nominate the following members of the Society for officers : 


POE LE TRNIININES 0.8 i 6 ce DES ee POR CC TERE es 


I rN go een eee ae ee ee hala cde eed eas 
(In Charge of Instructional Division Activities—two years) 


Sr ORENOD ssn 0'e vic hte wile Wed eas BAe wear le ale rae irene 
ES Fi TER KR oe rie SOCCER eee eee eneeeee 
TRAE a onc ich RAI Gk roe Sa Sr Ee DER ao ee 
Pep eR NIRS is cciniikn ic tel dt x-apareiant ad ttard cob Ranke Oboe eee 
RO ee aad pane Tune, 








Minutes of the Executive Board Meeting 


A meeting of the Executive Board of 
The American Society for Engineering 
Education was held on Friday, January 
11, 1952, at Northwestern University, 
Evanston, Illinois. Those present were: 
S. C. Hollister, President, M. M. Boring, 
A. B. Bronwell, W. L. Everitt (substitut- 
ing for J. H. Lampe), L. E. Grinter, C. L. 
Skelley, W. P. Kimball (guest), and B. 
Bowen. 


Participation of Younger Faculty 
Members in ASEE Activities 


The Seeretary suggested that considera- 
tion be given to methods of stimulating 
active participation of the younger faculty 
members in the meetings of the Society. 
Most of the officers of the Divisions, Com- 
mittees, and Sections of the Society are 
faculty members in the upper professorial 
ranks. Younger faculty members are 
seldom elected to office or called upon to 
present papers at Society meetings. On 
the other hand, the younger faculty mem- 
bers have the most to gain by participa- 
tion in Society affairs, since this would 
help them to improve their teaching, give 
them a broader perspective on all facets of 
engineering education, and expand their 
acquaintances and associations in the 
educational field. 

The Executive Board recommended that 
the Sections consider developing con- 
ferences and activities which would be 
arranged and managed entirely by younger 
faculty members of instructor and as- 
sistant professor rank. It was also sug- 
gested that adequate publicity be given to 
these conferences in order to stimulate 
widespread attendance and participation 
by the younger faculty members. 

The Executive Board recommended that 
a paper contest be inaugurated, with 
entries limited to young engineering teach- 
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ers. The subject of the paper contest 
would be announced by the ASEE and 
prizes would be awarded for the best 
papers. In order to stimulate Section ac- 
tivities among younger faculty members, 
each Section would establish its own rules 
for the paper contest and judge its own 
entries. The winning papers of the vari- 
ous Sections would then be submitted to 
a national judging committee which would 
select the first and second papers. These 
papers would be presented at the Annual 
Meeting of the Society and the awards 
would be made at this meeting. It was 
recommended that the contest be held dur- 
ing the school year of 1952-53 and that 
the first awards be presented at the An- 
nual Meeting in June 1953. 

A motion was passed, recommending the 
establishment of two prizes of $200 and 
$100 to be awarded for the best two 
papers submitted by young engineering 
teachers on a subject to be announced by 
the President. The contest is to be de- 
veloped by the Sections of the Society, 
with the winning entries submitted for 
judging by a national committee ap 
pointed by the President. 

This matter will be referred to the 
General Council for consideration at its 
meeting in June. 


Program of Cooperation with Secondary 
Schools and Junior Colleges 


One of the major projects of the Society 
during the coming year will be the de- 
velopment of closer working relationships 
between engineering colleges, secondary 
schools and junior colleges. President 
Hollister re-emphasized the need for 
counteracting the steadily falling scholas- 
tie level of secondary school education, 
especially in the sciences and mathematics, 
and also the decline in interest of high 
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school students in engineering as a career. 
Dean Everitt presented the views of the 
ECAC, stating that the problem is basi- 
eally one of stimulating activity at the 
“orassroots” level and that the program 
of cooperation must necessarily be de- 
veloped by the individual engineering col- 
leges. However he stated that the ECAC’s 
Committee on Secondary Schools could 
serve in a very useful liaison capacity by 
making information available to the engi 
neering deans as to the methods and ae 
complishments of various colleges in this 
field. 


Committee on Evaluation of Engineering 

Education 

The program of “Evaluation of Engi- 
neering Education” has been voted by 
the Executive Board as one of the major 
projects of the Society during the coming 
year. A national committee under the 
chairmanship of Dr. Grinter will be ap- 
pointed to study this problem. In addi- 
tion, the deans of engineering colleges will 
be invited to appoint committees from 
among their own faculty members to co- 
operate with the central committee in this 
study. The recommendations of the in- 
stitutional committees and those of the 
national committee will be consolidated 
and correlated into a unified report. 
President Hollister proposed that the na- 
tional committee meet at Cornell Univer 
sity to discuss the broader issues involved 
in engineering education prior to the 
Annual Meeting. 
Universal Military Training 

President Hollister stated that the En- 
gineering Manpower Commission is form- 
ulating a policy recommendation to be 
presented in testimony before Congres- 
sional committees which are holding hear- 
ings on the UMT Bill. He stated that 
there was considerable prevalence of opin- 
ion in Washington that the UMT Bill 
would not be passed by Congress. The 
stand taken by the Engineering Manpower 
Commission is that if Universal Military 
Training is adopted, every physically fit 
male of draft age should be required to 


serve in the highest capacity depending 
upon his abilities and education. There 
will then be no question of deferment, but 
rather each draft age individual will be 
assigned to work either in the Armed 
Forces or in industry in the capacity 
where his education and skills are utilized 
to the best interests of the mobilization 
program. 


EJC Committee on International 

Relations 

Deans Lassalle and Steinberg have been 
appointed to serve as the ASEE repre- 
sentatives on the EJC Committee on In- 
ternational Relations. The EJC Com 
mittee has been working with agencies of 
the government in planning technical mis- 
sions to European countries. Another 
technical mission on engineering eduea 
tion and research is contemplated. 
UNESCO 

Dean Everitt explained that the ap 
proach of the ASEE in seeking member 
ship in UNESCO should be made to the 
chairman of the Membership Committee. 
The list of persons serving on the Member 
ship Committee has been sent to Dean Las 
salle in order that he may prepare mate 
rial for a direct approach to the UNESCO 
Membership Committee. 


Resolution of the Engineering Drawing 

Division 

The Executive Board discussed the 
resolution of the Engineering Drawing 
Division, requesting that the ECPD visita- 
tion committees include qualified teachers 
of engineering drawing. It was pointed 
out that engineering accreditation has 
always been on the basis of curricula and 
not on the basis of subdivisional areas 
of eurrieula. The ASEE in the past has 
not made recommendations to inelude 
teachers of particular subjects on the 
ECPD accreditation committees. It was 
the consensus of opinion that it would be 
an unsound policy for the ASEE to make 
such recommendations, since it would open 
the door to similar requests in other sub- 
ject areas. 
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Fall Meetings of the ECAC and ECRC 


The Executive Board discussed the pos- 
sibility of holding the Fall meetings of the 
ECAC, ECRC, and General Council at the 
time of the Centennial of Engineering in 
Chicago. This would serve to strengthen 
the attendance at the Centennial program 
by adding the support of the ASEE. It 
would also make it possible for a some- 
what different group of deans of engineer- 
ing colleges to attend the Fall meeting of 
the ASEE than those who usually attend 
the meeting when it is associated with the 
Land Grant College Asociation meetings. 

The Executive Board voted to hold the 
Fall meetings in Chicago during the first 
week of the Centennial of Engineering, as 
close to the Symposium on Engineering 
Edueation as possible, the details to be 
worked out by the Secretary. 


Location of Annual Meetings in 1954 
and 1955 


Dean Everitt repeated his invitation to 
the ASEE to hold its 1954 Annual Meet- 
ing at the University of Illinois. It was 
the consensus of opinion that this loca- 
tion would fit well with the ASEE geo- 
graphical rotation plan and also that the 
facilities at the University of Illinois 
should be entirely adequate for the Annual 
Meeting. 

The Executive Board voted to hold the 
1954 Annual Meeting of the Society at the 
University of, Illinois, the details of the 
meeting to be worked out between the 
Secretary of the Society and Dean Everitt. 

President Hollister presented an invita- 
tion from Cornell University to hold the 
1955 Annual Meeting at Cornell. The 
last meeting of the Society held at Cornell 
University was in 1934. President Hol- 
lister will prepare a letter of invitation 
to the Society. No action was taken on 
this proposal. 


Plans for 1952 Annual Meeting 


Dean Kimball outlined some of the 
plans for the next Annual Meeting at 
Dartmouth College, June 23-27, 1952. 

Dean Kimball stated that the antic- 
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ipated expenses for the Annual Meeting 
would be on the order of $4,300. This 
would require a registration fee of $4.00 
per member, with no additional charge for 
other members of the family. A previous 
ruling of the Executive Board and Gen- 
eral Council authorized the host institu- 
tion to charge a registration fee not to 
exceed $4.00 per member. The Executive 
Board approved the registration fee rec- 
ommended by Dean Kimball. 

Dean Kimball extended an invitation 
from President Dickey to members of the 
General Council and their wives to be the 
guests of President and Mrs. Dickey at a 
dinner on Monday evening. The Secre- 
tary suggested that the newely elected 
members of the General Council, repre- 
senting Sections of the Society, be invited 
to attend the Monday evening dinner, 
even though their term of office does not 
begin until ten days after the Annual 
Meeting. This would enable the new 
Council members to become oriented to the 
problems of the Society before taking 
office. The Executive Board approved 
this recommendation. 

Dean Kimball stated that all members 
present and guests will be invited to a 
reception at the home of President Dickey 
from 4:00 to 6:00 P.M. on Tuesday after- 
noon. 


Report on the Secretary’s Office 


The Secretary presented a report on 
the operations of the headquarters office. 
This report stated that the ASEE has 
operated with a small headquarters staff 
on a “decentralized” plan, whereby the 
Divisions, Sections, and Committees of the 
Society assume much of the responsibil- 
ities for their respective areas of opera- 
tion. The headquarters staff concentrates 
its principal attention upon the major 
projects of the Society, although it also 
has the responsibility for coordinating the 
activities of the various Councils, Divi- 
sions, and Sections of the Society; editing 
the Journal; maintaining the membership 
records; arranging for the Annual Meet- 
ing; and handling the Society’s finances. 
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This basic plan of operation has made it 
possible to carry on the Society’s business 
with a part-time secretary and two office 
secretaries and with an annual dues strue- 
ture of from $5.50 to $7.00 per member. 

With the growth in size and operations 
of the ASEE, it has become necessary to 
add to the secretarial staff in order to 
relieve the Secretary of some of the 
routine responsibilities and free a portion 
of his time for developing liaison work 
between the ASEE and other organiza- 
tions and government agencies. The re- 
port recommended the following: 


(a) The employment of an assistant 
secretary on the basis of one day a week, 
at a salary of $800 for the six months 
period from the present time until July 1. 
The assistant secretary would review 
manuscripts submitted for publication in 
the Journal and in general supervise the 
editorial work of the JourRNAL oF ENGI- 
NEERING EpucATION. It was recom- 
mended that Professor C. E. Watson, 
chairman of the Department of Industrial 
Relations at Northwestern University, be 
appointed to this post. 

(b) Anappropriation of approximately 
$780 be made for the purchase of two 
dictaphone machines for the office. These 
would substantially increase the volume of 
correspondence which can be handled by 
the office secretaries. 

(ec) It was recommended that an addi- 


tional $200 be appropriated for steno 
graphic assistance. 


The Executive Board voted to approve 
the foregoing recommendations. 

The report also presented a projected 
estimate of the income and expense of the 
Society for the next three fiscal years and 
included a summary of costs for several 
different plans of expansion of the Secre- 
tary’s office. 


Applications for Associate Institutional 
Memberships 


The Executive Board voted to approve 
the following applications for Associate 
Institutional Membership. 


Caterpillar Tractor Company 

General Electric Company 

International Minerals & Chemicals 
Corp. 

International Nickel Company 

International Textbook Company 

John Wiley and Sons, Incorporated 

Maemillan Company 

MeG aw-Hill Book Company, Inceor 
porated 

Reinhold Publishing Corporation 

Seott Paper Company 

Standard Oil Company (Indiana) 

West Penn Power Company 

Westinghouse Electric Corporation 


Respectfully submitted, 
ARTHUR B. BRonwWELL, 
Secreta ry 








New Members 


ANDERSON, Roy H., Assistant to Works 
Manager, Diehl Manufacturing Company, 
Somerville, N. J. A. A. Nims, F. A. 
Russell. 

ATKINSON, RANDALL F., Assistant Professor 
of Architecture, Rensselaer Polytechnic 
Institute, Troy, N. Y. A. A. K. Booth, 
P. E. Hemke. 

BEERS, ROLAND F., Professor of Geophysics, 
and Head, Department of Fuel Resources, 
Rensselaer Polytechnic Institute, Troy, 
N. Y. P. E. Hemke, A. A. K. Booth. 

BERGESEN, ALF O. R., Special Student, 
Mechanical Engineering, University of 
Rochester, Rochester, N. Y. J. H. Bel- 
knap, A. B. Bronwell. (Reinstatement) 

BLATHERWICK, ALLAN A., Instructor in 
Mathematics and Mechanics, University of 
Minnesota, Mineapolis, Minn. F. E. Mil- 
ler, G. J. Schroepfer. 

Burton, Ropert E., Manager, Control Divi- 
sion, Engineering Dept., E. I. du Pont de 
Nemours & Company, Wilmington, Del. 
T. H. Chilton, B. M. Taylor. 

BuTLeR, HaRoLp T., Instructor in Manage- 
ment, Economies, History, Rensselaer Poly- 
technic Institute, Troy, N. Y. A. A. K. 
Booth, P. E. Hemke. 

CAMPBELL, HENRY, Associate Professor of 
Civil Engineering, University of Rhode 
Island, Kingston, Rhode Island. T. S. 
Crawford, H. E. Graves. 

CAMPBELL, Ropert G., Assistant Professor 
of Aeronautical Engineering, Rensselaer 
Polytechnic Institute, Troy, N. Y. P. E. 
Hemke, A. A. K. Booth. 

CLoup, Haroup A., Instructor in Agricul- 
tural Engineering, University of Minne- 
sota, Minneapolis, Minn. A. Hustrulid, 
A. M. Flikke. 

CraINE, Luoyp B., Assistant Professor of 


Electrical Engineering, University of 
Idaho, Moscow, Idaho. P. Mann, J. H. 
Johnson. 


CRAWLEY, STANLEY W., Assistant Professor 
of Architecture, Rensselaer Polytechnic 
Institute, Troy, N. Y. A. A. K. Booth, 
P. E. Hemke. 
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Curtiss, ARTHUR N., Plant Manager, RCA 
Victor Division, Los Angeles 64, Calif. 
S. C. Hollister, A. B. Bronwell. 

DRAKE, CAROLINE C., Assistant Librarian, 
Rensselaer Polytechnic Institute, Troy, 
N. Y. A. A. K. Booth, E. A. Chapman. 

EMMERSON, GEORGE S., Lecturer in Mechan- 
ical Engineering, University of California, 
Berkeley, Calif. R. A. Fayram, A. K. 
Oppenheim. 

FALES, WILLIAM D., Dean Textile School, 
Rhode Island School of Design, Providence 
3, R. I. G. N. Reed, R. B. Finch. 

FIELD, CrosBy, President, Flakice Corpora 
tion, Brooklyn, N. Y. S. C. Hollister, 
A. B. Bronwell. 

FOsTER, JOHN E., Professor and Head, Engi- 
neering Department, New Bedford Textile 
Institute, New Bedford, Mass. G. N. 
Reed, R. B. Finch. 

GAUVIN, WILLIAM H., Associate Professor 
of Chemical Engineering, McGill Univer- 
sity, Montreal, Canada. R. M. Boarts, 
E. E. Stansburg. 

GILKESON, Murray M., Assistant Professor 
of Chemical Engineering, Tulane Univer- 
sity, New Orleans, La. F. M. Taylor, L. 
H. Johnson. 

GROSVENOR, A. W., Professor and Head, 
Department of Metallurgical Engineering, 
Drexel Institute of Technology, Phil- 
adelphia, Pa. A. H. Repscha, J. B. Baker. 

Guy, WILLIAM T., Jr., Instructor in Applied 
Mathematics and Astronomy, University 
of Texas, Austin, Texas. R. Guernsey, Jr., 
R. P. Felgar, Jr. 

Harris, Hiram D., Professor of Electrical 
Engineering, Rensselaer Polytechnic In- 
stitute, Troy, N. Y. A. A. K. Booth, 
P. E. Hemke. 

HAYWARD, BERTRAND W., Director, Phil- 
adelphia Textile Institute, Philadelphia, 
Pa. G. N. Reed, R. B. Finch. 

HENDLER, ARTHUR §., Assistant Professor of 
Mathematics, Rensselaer Polytechnic In- 
stitute, Troy, N. Y. A. A. K. Booth, 
P. E. Hemke. 
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HowarD, GeorGE W., Chief, Technical Serv 
ice Dept., Engineer Research & Develop 
ment Laboratories, Fort Belvoir, Va. L. 
H. Johnson, H. L. Bowman. 

HuGHES, GROVER W., Instructor in Mechan 
ical Engineering, University of Arkansas, 
Fayetteville, Ark. G. F. Branigan, R. G. 
Paddock. 

JACKSON, RoBErT F., Associate Professor of 
Mathematics, University of Delaware, 
Newark, Del. <A. P. Colburn, M. J. Bergen. 

JONES, ALFRED W., Associate Professor of 
Mathematics, Rensselaer Polytechnie In 
stitute, Troy, N. Y. A. A. K. Booth, P. 
E. Hemke. 

Jones, Howeiut A., Treasurer, Rensselaer 
Polytechnic Institute, Troy, N. Y. A. A. 
K. Booth, P. E. Hemke. 

Karst, Otro J., Associate Professor of 
Mathematics, Stevens Institute of Tech 
nology, Hoboken, N. J. K. J. Moser, M. 
R. Reeks. 

KILLOREN, RoBErT A., Assistant Professor of 
Aeronautical Engineering, Parks College 
of Aeronautical Technology, St. Louis 
University, East St. Louis, Ill F. F. 
Pilotte, V. J. Blum. 

KILNER, DONALD 'D., Assistant Professor of 
Mechanical Engineering, Northwestern 
University, Evanston, Illinois. E. F. 
Obert, B. H. Jennings. 

KountTz, Rupert R., Associate Professor of 
Civil Engineering, Pennsylvania State Col 
lege, State College, Pa. B. A. Whisler, 
L. Perez. 

LIEBER, Pau, Associate Professor of Aero 
nautical Engineering, Rensselaer Poly 
technic Institute, Troy, N. Y. A. A. K. 
Booth, P. E. Hemke. 

Lone, Epwarp L., Assistant Professor of 
Physics, Rensselaer Polytechnic Institute, 
Troy, N. Y. A. A. K. Booth, P. E. Hemke. 

LOWMAN, SHEPARD W., Professor of Fuel 
Resources, Rensselaer Polytechnic In 
stitute, Troy, N. Y. A. A. K. Booth, 
P. E. Hemke. 

MACKLIN, Haroup L., Assistant Professor of 
Civil Engineering, University of Toronto, 
Toronto, Ontario, Canada. L. S. Lauch- 
land, O. J. Marshall. 

MALY, Dis, Associate Professor of Mathe 
matics, Rensselaer Polytechnic Institute, 
Troy, N. Y. A. A. K. Booth, P. E. Hemke. 

MASSARD, ERNEST J., Associate Editor, De- 
sign News, Berkeley, Mich. C. J. Freund, 
J. Gerardi. 
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MAXWELL, JAMES F., Instructor in Manage 
ment Engineering, Rensselaer Polytechni 
Institute, Troy, N. Y. A. A. K. Booth, 
P. E. Hemke. 

McCaBE, WILLIAM M., Instructor in Engi 
neering, St. Louis University, St. Louis, 
Mo. J. B. Macelwane, V. J. Blum. 

McCarty, JAMES W., Assistant Professor, 
Textile School Dept., Georgia Institute 
of Technology, Atlanta, Georgia. R. L. 
Sweigert, J. W. Mason. 

MIKLEFSKY, HAAREN A., Assistant Professor 
of Civil Engineering, George Washington 
University, Washington, D. C. C. H. 
Walther, J. S. Antel. 

MorGAan, Davip W. R., Vice President, West 
inghouse Electrie Corporation, East Pitts 
burgh, Pa. H. R. Bintzer, J. Creese. 

MOULTON, JOHN B., Training Supervisor, 
Engineering Department, FE. I. du Pont de 
Nemours & Company, Wilmington, Del. 
W. M. Ridd, Jr. H. M. Miller, Jr. 

Moyer, Eumo E., Associate Professor of 
Electrical Engineering, Rensselaer Poly 
technie Institute, Trov, N. Y. A. A. K. 
300th, P. E. Hemke. 

MUELLER, RONALD A. H., Associate Professor 
of Biology, Rensselaer Polytechnie In 
stitute, Troy, N. Y. A. A. K. Booth, P. 
E. Hemke. 

NEUBAUER, FRED W., Field Secretary, Tri 
angleFraternity of Engineers, Chicago, 
Il. C. E. MaeQuigg, A. B. Bronwell. 

NEWMARK, NATHAN M., Research Professor 
of Struetural Engineering, University of 
Illinois Urbana Ill. W. M. Lansford, F. 
B. Seely. 

NIcKOL, JOHN P., Professor of Physics, 
Rensselaer Polytechnie Institute, Troy, 
N. Y. A. A. K. Booth, P. E. Hemke. 

Nuttur, Orro W., Graduate Fellow, Geo 
physics and Geophysical Engineering 
Dept., St. Louis University, St. Louis, Mo. 
J. B. Macelwane, V. J. Blum. 

O’NoILL, GeorGe D., Manager, Engineering 
Personnel Development & Education, 
Sylvania Eleetric Products, Ine., Bay 
side, L. I., N. Y. N. W. Gibson, H. J. 
Reich. 

ORGELMAN, GEORGE H., Supervisor, Engineer 
ing Personnel, Chance Vought Aircraft 
Div., United Aircraft Corporation, Dallas, 
Texas. H. W. Barlow, W. R. Woolrich. 

PARKS, JOSEPH B., Assistant to District 
Manager, Westinghouse Electric Corpora- 
tion, Philadelphia, Pa. S. C. Hollister, 
A. B. Bronwell. 
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PURNELL, LEE J., Professor of Electrical 
Engineering, Howard University, Wash- 
ington, D. C. L. K. Downing, E. R. 
Welch. 

QUINSEY, WILLIAM E., Assistant to Director, 
Engineering Research Institute, Univer- 
sity of Michigan, Ann Arbor, Mich. C. 
A. Siebert, C. Upthegrove. 

ROSEBRAUGH, VERNON H., Assistant Profes- 
sor of Civil Engineering, University of 
Portland, Portland, Ore. G. N. Holcomb, 


E. F. Rice. 
SELTZER, LEON Z., Professor and Head, 
Aeronautical Engineering Dept., West 


Virginia University, Morgantown, W. Va. 
D. T. Worrell, C. H. Cather. 

SHARRAH, PauL C., Associate Professor of 
Physics, University of Arkansas, Fayette- 
ville, Ark. G. F. Branigan, N. H. 
Barnette. 

SmitH, Ren L., Instructor in Mechanical 


Engineering, University of Arkansas, 
Fayetteville, Ark. R. G. Paddock, G. F. 
Branigan. 


Stonc, Paut W., Physics Teacher, Science 
Dept., General Motors Institute, Flint, 
Mich. H. M. Dent, C. A. Brown. 

Stone, Erric L., Instructor in Mechanical 
Engineering, Oregon State College, Cor- 
vallis, Ore. R. F. Steidel, Jr., M. Popovich. 

SuPPIGER, EpwarpD W., Associate Professor 
of Mechanical Engineering, Princeton Uni- 
versity, Princeton, N. J. J. C. Elgin, R. 
H. Wilhelm. 
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Swirt, WAYNE B., Instructor in Electrical 
Engineering, University of Wisconsin, 
Madison, Wis. T. J. Higgins, H. A. Peter- 
son. 

THoMas, Morris D., Instructor in Welding 
Engineering, Science Dept., General Motors 
Institute, Flint, Mich. H. M. Dent, C. L. 
Tutt, Jr. 

THOMPSON, ORVILLE I., Director of Resident 
Training, DeForest’s Training, Ince., Chi- 
cago, Ill. A. B. Bronwell, 8S. C. Hollister. 

TULIN, LEONARD G., Instructor in Civil Engi- 
neering, University of Colorado, Boulder, 
Colo. W. Raeder, M. W. Jackson. 

VAN VLICK, JOHN H., Dean of Applied Sci- 
ence, Harvard University, Cambridge, 
Mass. C. L. Dawes, A. Haertlein. 

VIERTEL, WILLIAM K., Senior Instructor, 
Chemical Technology, State University 
Agricultural & Technical Institute, Can- 
ton, N. Y. A. E. French, L. F. Pries. 

WALTER, JOHN K., Training Supervisor, Per- 
sonnel Dept., West Penn Power Company, 
Pittsburgh, Pa. H. K. Breckenridge, Guy 
Kleis. 

Wer, JOHN R., Clinical Psychologist, Cali 
fornia Institute of Technology, Pasadena, 
Calif. F. Thomas, T. F. Strong. 

WISE, JOHN §., Research Fellow, Mechanics 
Dept., Rensselaer Polytechnic Institute, 
Troy, N. Y. A. A. K. Booth, P. E. Hemke. 

ZIMMER, RUSSELL D., Instructor in Mechan- 
ical Engineering, Northeastern University, 
Boston, Mass. A. J. Ferretti, H. K. 
Brown. 


339 new members this year 





(Continued from page 358) 


Those who missed the extremely interesting 
trip to the Columbia University Cyclotron in 
order to make the equally enjoyable inspec- 
tion of Pavelle Color Laboratories, were not 
without an insight into the field of atomic 
behavior. Dean Dunning’s brilliant talk at 
the annual dinner on the strides being made 
in the practical application of Atomic 
Energy was explosive in its revelations and 
his unique demonstrations were entertaining 
in the extreme. His talk created a pro- 
found interest in the unlimited possibilities 
of this relatively new science. 

Your Executive Committee met on Wednes- 
day evening to discuss the report of the 
Policy Committee, and to approve the pro- 
gram for the next annual meeting at Dart- 
mouth. The Policy Committee, consisting of 
Professors Higbee, Hoelscher, and Justus 


Rising, submitted a specific policy for the 
selection of men to be given the Division’s 
Distinguished Service Award, and this policy 
was approved by the Executive Committee. 
It will be published in a future issue of the 
Journal of Engineering Drawing. With re- 
spect to the trend toward reduction of time 
devoted to drawing in engineering curricula, 
the Policy Committtee reported that it has 
initiated definite action for corrective meas- 
ures, and recommended a continuing policy. 
Pending further developments this report 
was accepted by the Executive Committee. 

The topics selected for the June meeting 
cover a broad range of interests, and the list 
of speakers is headed by Dean S. C. Hol- 
lister, President of the Society. Better make 
plans now for that trip to Dartmouth. 
Everyone else will be there—why not you? 














Section 
Allegheny 
Illinois-Indiana 
Kansas-Nebraska 
Michigan 


Middle Atlantic 


Missouri 


Section Meetings 


Location of Meeting 


Pennsylvania State 
College 


University of 
Illinois 

University of 
Nebraska 

University of 
Detroit 

Newark College of 
Engineering 


University of 
Arkansas 


National Capital Area Howard University 


New England 


North Midwest 
Ohio 


Pacifie Northwest 


Pacifie Southwest 


Roeky Mountain 


Southeastern 


Southwestern 


Upper New York 


George Washington 
University 

Worcester Polytechnic 
Institute 


Iowa State College 

Ohio State 
University 

University of 


Washington 


California State Poly- 
technic College 


University of 
Wyoming 


Clemson College 
University of 
Houston 


Alfred University 


Dates 
April 18-19, 
1952 
May 17, 1952 
Nov. 16-17, 
1951 
May 10, 1952 


December, 
1951 


April 5, 1952 
February 5, 
1952 


Oct. 18, 1952 


Oct. 3-4, 1952 


April 25-26, 


1952 


Dee. 29-30, 
1952 


April 19, 1952 
April 10, 11, 
12, 1952 


April 11 & 12, 
1952 


October 10-11, 
1952 


Chairman of Section 
E. B. Stavely, 
Pennsylvania State 
College 
D. G. Ryan, 
University of Illinois 
Kenneth Rose, 
University of Kansas 
W. P. Godfrey, 
University of Detroit 
S. J. Tracy, Jr., 
City College of 
New York 
R. Z. Williams, 
Missouri School of 
Mines 
W. Oncken, Jr., 
Bureau of Ordnance 


FE. T. Donovan, 

University of New 
Hampshire 

S. J. Chamberlin, 

Iowa State College 

W. F. Brown, 

University of Toledo 

T. H. Campbell, 

University of 
Washington 

S. F. Dunean, 

University of South- 
ern California 

E. J. Lindahl, 

University of 
Wyoming 

R. L. Sumwalt, 

University of 
South Carolina 

H. P. Adams, 

Oklahoma A. & M. 
College 

R. M. Campbell, 

Alfred University 


Members of the Society are welcome at all Section Meetings 


* No Date Set. 
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New Analog Field Plotter... 


SOLVES COMPLEX FIELD PROBLEMS FASTER 


FACILITATES THESE STUDIES: 

e Classical electrostatic field theory 

e Magnetic flux distribution and inten- 
sity 

e Air-flow patterns around foil shapes 


General Electric’s new Analog Field Plotter 
helps solve a variety of field- problems and 
aids in the study of electrical field theory. 
This versatile tool simplifies over-all oper- 
ation of field plotting in two-dimensional 
and some three-dimensional fields. A com- 
prehensive instruction manual shows the 
basic approach to a variety of technical 
problems. 

Investigate the advantages of this plote 
ter for your field studies. Write for 
bulletin GEC-851 to: General Electric Co., 
Sect. 687-73, Schenectady 5, N. Y. 


GENERAL 


e Fluid-flow patterns and _ velocity 
gradients 

e Current flow, thermal flow 

e Electrode shapes in electronic tube 
design 

e Field patterns in wave guides and 


electron lenses 


ELECTRIC 


687-73 














Thayer School of Engineering 


Annual Meeting of the ASEE 
June 23-27, 1952 


The Thayer School of Engineering, an 
Associated School of Dartmouth College, 
holds in the minds of those who know it 
many distinctions in the field of engineer- 
ing education. Of these distinctions, two 
at least cannot be controverted: it shares 
with no one the distinetion of having 
originated and for over eighty years ad- 
hered continuously and exclusively to the 
“five-year curriculum”; and it has long 
maintained, and by firm intention and 
with clear purpose will continue to main- 
tain, one of the smallest enrollments of 
engineering students in the eountry. 

The Thayer School offers complete cur- 
ricula in civil engineering, electrical engi- 
neering, and mechanical engineering ac- 
credited by the Engineers Council for 
Professional Development. A fourth eur- 
riculum, in engineering and business ad- 
ministration, is offered by the Thayer 
School in conjunction with Dartmouth’s 
Amos Tuck School of Business Admin- 
istration. 

The objective of the engineering cur- 
ricula is to educate men for professional 
sareers of public responsibility as well as 
for technological activities. Through its 
close association with Dartmouth’s liberal 
arts program, the School is in a position 
to render a unique service in the field of 
engineering education. The professional 
engineer of today has both an obligation 
and opportunity to direct his technological 
endeavors toward the service of society. 
In order to do so he must have an under- 
standing and appreciation of the needs 
and problems of the world in which he 
lives, which cannot be acquired in a course 
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of study limited to scientific and technical 
subjects. The engineering student at 
Dartmouth follows a _ pre-engineering 
course for three years in the liberal arts 
college before entering the professional 
school. During these three years, he ac 
quires a background of both general ed 
ucation and science courses in the atmos 
phere of a liberal arts college and in as 
sociation with liberal arts students. This 
association is continued through his first 
year in Thayer School in the Great Issues 
course which is required of all Dartmouth 
seniors. Building on this foundation of 
education in the humanities and the social 
and natural engineering 
studies offered by the Thayer School pre- 
pare men for the broadest possible use 
fulness both within the engineering pro 
fession and in community life. 

3etween thirty and forty students are 
normally admitted each year, and the en 
rollment in each of the four curricula 
offered by the school will therefore average 
less than ten students Class 
room sections are limited to twenty stu 
dents and fifteen. Lab- 
oratory sections are generally held to ten 
students. This limited enrollment makes 
it possible to provide intensive instruction 


sciences, the 


per year. 


seldom exceed 


under close personal supervision and to 
realize fully the benefits to be derived 
from close contact between student and 
instructor. 


Centennial of Engineering 


In welcoming representatives of engi 
neering schools throughout the country to 
the 1952 Annual Meeting of ASEH, Dart 


- 
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mouth observes the centennial of engineer- 
ing instruction on her campus. Just one 
hundred years ago, civil engineering 
courses were initiated as part of the pro- 
gram of the Chandler Scientific School 
established at Dartmouth in 1852 by gift 
of Abiel Chandler. After the establish- 
ment of the Thayer School in 1871, the 
Chandler Scientific School became a de- 
partment of the College and it has sub- 
sequently been absorbed by the Science 
Division, but civil engineering instruction 
has been continued on the Dartmouth 
campus without interruption for one hun- 
dred years. It is an interesting coin- 
cidence that 1952 also marks the hun- 
dredth anniversary of the founding of the 
American Society of Civil Engineers and 
is being observed throughout the country 
as the centennial of engineering in the 
United States. 

The Thayer School was established by 
the gifts of General Sylvanus Thayer 
whose underlying thought was that the 
preparation for an engineering curric- 
ulum must be a liberal arts college course 
which should entirely precede the work in 
the professional school. Sylvanus Thayer 
was graduated from Dartmouth in 1807 
and from the United States Military 
Academy in 1808 with highest rank in his 
class in both institutions. At the age of 


32 he was appointed Superintendent and 
reorganizing the 


assigned the task of 


THAYER SCHOOL 


OF ENGINEERING 


Military Academy. One of his biogra- 
phers has said of him, “Major Thayer’s 
military experience, his foreign travel and 
associations, his familiarity with the polite 
usages of society, his dignified bearing and 
refined mode of life, and, above all, his 
scientifie acquirements, enlarged profes- 
sional reading and familiarity with the 
French and dead languages, gave him im- 
mense vantage ground for success.” Be- 
tween 1817 and 1833 he made the United 
States Military Academy one of the most 
famous and effective military schools in 
the world. In recognition of his work 
the Academy has erected a monument on 
its campus, and he is generally regarded 
as “the father of the Academy.” He 
spent the closing years of his life planning 
an engineering curriculum based on the 
experiences of his own career. This work 
culminated in the founding of the Thayer 
School in 1871, just one year before his 
death. 


Preparation for Professional Careers 


Although Thayer School graduates are 
prepared and qualified to continue their 
formal education in specialized graduate 
work leading to more advanced degrees, 
and some have done so with signal success, 
the school’s primary objective remains, as 
conceived by its founder, to prepare its 
graduates for professional engineering 
careers. Both the arrangement of the 
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programs and the instructional methods 
are aimed at the accomplishment of this 
objective by 
breadth and the study of fundamentals 
and avoiding narrow specialization. 

The pre-engineering courses required 
during the first three college years are 
the same for all curricula and about two- 
thirds of the work of the fourth year con- 
sists of engineering fundamentals common 
to all curricula. Through individual 
counseling by members of the Thayer 
School faculty, students are advised to 
choose electives during the first three years 
from the offerings of the social science 


placing the emphasis on 


and humanities divisions in order to take 
fullest advantage of the opportunity to 
broaden their educational experience. An 
incidental but important feature of this 
arrangement is that the student may post- 
pone his final choice of engineering field 
until the beginning of senior year when he 
is far better qualified to choose his field of 
study than during freshman or sophomore 
year. It is also possible for the student to 
transfer without stigma or penalty from 
engineering to another area of study at 
any time during his first three years if it 
appears that his interests or aptitudes lie 
outside the field of engineering. 

In the fourth and fifth year courses in 
specifically civil, electrical, or mechanical 


engineering subjects the theoretical and 
practical fundamentals are stressed. Ex 
cept for the individual or small-group 
projects in the fifth-year curricula, all 
courses are required for all students en- 
rolled in each of the three programs of- 
fered. 


Instructional Methods 


Instructional methods are designed first 
to instill in the student the habits and 
procedures of engineering analysis and 
workmanship and, having accomplished 
this, to provide him with maximum op 
portunity to develop judgment, initiative 
and self-reliance in the performance of 
tasks and 
room, design and 
every attempt is made to keep the student 


assigned 


projects. In elass 
laboratory periods, 
participation factor as close to 100% as 
possible. Student maturity and small en- 
rollment are felt to be vital factors in 
making these instructional procedures pos- 
sible and fully effective. 

Thayer School is particularly fortunate 
in its physical plant. After “making do” 
in traditional New England fashion in a 
series of buildings converted from their 
original use for other departments, the 
school moved into the Horace S. Cum 
mings Memorial in 1939. This building 


was expressly designed and newly con 
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structed to meet the needs of the civil 
>ngineering program offered by the school 
at that time. Immediately after World 
War II, two wings were added to house 
the new electrical and mechanical engi- 
neering programs. This complete unit 
stands at the west end of Tuck Mall just 
opposite the Tuck School of Business Ad- 
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ministration and three hundred yards west 
of Dartmouth’s central building, the Baker 
Library. It will be open for inspection 
throughout the week of the Annual Meet- 
ing and ASEE members and guests are 
cordially invited to visit the building and 
view the laboratories, engineering library, 
and other facilities at any time. 


The Third National Surveying 
Teacher's Conference 


Sponsored by 


Committee 8, Civil Engineering Division, ASEE 
and 
The University of Illinois 


August 3-8, 1952 


Camp Rabideau, Summer Surveying 
Camp of the University of Illinois, will be 
the scene of The Third National Surveying 
Teacher’s Conference, August 3-8, 1952. 
Situated in the Chippewa National Forest 
of Northern Minnesota and in an area 
famous for its lakes and Paul Bunyan 
lore, Camp Rabideau with an unparalleled 
physical plant and pleasant woodland 
environment offers excellent facilities for 
conference activities and communal living. 

The Illinois Surveying Camp is located 
on federally-owned forest land in Beltrami 
County about 35 miles northeast of Be- 
midji. Deer and small game abound in 
the heavy stand of second-growth timber 
that covers this region. Daily rail and 


bus service is available from Minneapolis 
to the village of Blackduck which is 6 
miles north of the camp. Good highways 
approach the area from all directions. 

For further information address Brother 
B. Austin Barry, F. S. C., Chairman 
Committee 8, Civil Engineering Division, 
ASEE, Manhattan College, New York 71, 
Ni ds 

Dining and sleeping accommodations 
will be furnished at a cost of about $25 
per person for the six-day period. A re- 


duced rate will be made for children. 
Reservations should be made with Dr. M. 
O. Schmidt, Director of Camp Rabideau, 
Surveying Building, University of Illinois, 
Urbana, Illinois. 
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Higher Education and the Problems 
of This Decade’ 


By J. HILLIS MILLER 


President, University of Florida 


Any problematical approach to the dee- 
ade of the 1950’s involves a great deal 
more than higher education. However, 
that higher education is an important fac- 
tor in the solution of these problems is an 
assumption which we make at the very 
beginning. Since this paper is to deal 
almost exclusively with higher education, 
it follows obviously that the discussion as 
a whole will be incomplete and inconclu- 
sive. Moreover, any brief statement of 
this kind will not jnelude even a listing of 
all the problems of this decade, and, be- 
cause of the limitations of time, the dis- 
cussion will not exhaustively nor ade- 
quately set forth, even from an educa- 
tional point of view, those problems that 
are brought within the focus of attention. 

We shall not discuss the traditional 
functions of higher education such as its 
function of teaching citizens to think, to 
search for truth, and to make decisions in 
terms of the best information and knowl- 
edge that is available to them. We shall 
not discuss professionalism in higher ed- 
ucation, nor types of higher educational 
institutions. We shall not attempt to de- 
fine higher education, and thus run the 
risk of detracting from the pastime of 
many educators who spend their energies 
dealing with invidious comparisons as to 


1A speech given at the Commodore Hotel, 
New York City, September 27 and 28, 1951, 
sponsored by the American Council on Edu- 
cation. Originally appeared in The Educa- 
tional Record, Oct., 1951, and published here 
by consent of the author and the American 
Council on Education. 


the specific theories of higher education. 
We shall not dwell upon the inertia of 
higher education, nor its failure to train 
the wills and intellects of men and women 
for whatever functions they may be called 
upon to serve. In fact, we shall not dis- 
cuss higher education from the point of 
view of higher education at all, but rather 
from the point of view of society. Higher 
education, for the sake of this discussion, 
becomes an instrument for meeting some 
of the problems of our society. There- 
fore, its own problems are disregarded to 
a very considerable extent in order that 
attention may be focused upon society it- 
self. Indeed, such an approach is good 
for higher education since in losing its life 
in service to the world it may well find it 
again. 


Assumptions 


Having in this fashion cut through the 
mangroves that surround any discussion 
of higher education, we are in position to 
make certain positive assumptions as we 
discuss the new role that higher education 
should play in connection with some of 
the pressing problems of the society of 
which we are a part. 

First of all, we assume that higher 
education has a mental hygiene of its own. 
To state it another way, we assume that 
higher education possesses a vigor and 
healthy-mindedness that will enable it to 
make its contribution to the solution of 
the pressing problems which are present 
today and which will unquestionably per- 
sist in the decade of the 1950’s. If higher 
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education is to lead the way, it must dis- 
miss the sense of futility which pervades 
the thinking of so many men and women 
today. For example, many good church 
members despair of being able to halt 
the trend toward secularism, and many 
good democrats (in the generic sense of 
the word) seem to feel that we have to 
forsake democratic procedures in order to 
defend democracy. 

There are a number of additional as- 
sumptions which should be listed if the 
new role for higher education is to be 
understood. It must assume that we can 
profit from the mistakes of the past as 
well as the successes of the past. It must 
assume that the rights of the ordinary man 
are to be protected. It must assume that 
the mind and will of man are more power- 
ful than all other forces in the world. It 
must assume that unmitigated speed is 
not as effective as the slow and tedious 
process of human thought. It must as- 
sume that science is a neutral factor and 
that it ean be used for the upbuilding of 
civilization. It must assume that man’s 
organizational ability to get things done 
can be turned in the direction of the 
orderly development of man’s life on earth 
rather than that it must be used for the 
destruction of our world. It must as- 
sume that inevitable change can be turned 
in the direction of service to mankind 
rather than in the direction of man’s ulti- 
mate destruction. And it must assume 
that permanent peace is obtainable. All 
of these assumptions, and more, must be 
made if higher education is to make its 
contribution to mankind during the next 
decade. 


Unorthodox Approach 


The approach we are making to the 
function of higher education and its con- 
tribution to the solution of the problems 
of the next decade is an unorthodox ap- 
proach. Higher education cannot go its 
own way, and in its old ways, if it is to 
meet the needs of the time. It must carry 
on many of its old functions: it must con- 
tinue to admit students to classes and eur- 
riculums and it must graduate them from 


colleges and schools and send them out 
into the world. We are not suggesting 
that higher education should subtract from 
its present activities so much as that it 
must add to them. It should not digress 
from its traditional pattern of service so 
much as it should aggress into areas that 
need its attention. We suspect that many 
of the new functions of higher education, 
which we shall suggest, are in areas which 
are now covered by the activities of higher 
education. More intensified tilling of the 
soil and more aggressive action in many 
of these areas are in order. 

With these limitations and assumptions 
in mind, we may attempt to underline the 
areas of tension and danger in our society 
to which higher education must effectively 
and aggressively give its attention. 

It is the function of higher education to 
redefine a desirable civilization. This 
problem is outlined in some detail by Wil- 
liam H. Kilpatrick in the May 1951 issue 
of Educational Theory. There are many 
points at which we would differ with Kil- 
patrick’s position, particularly with his 
concept of individualism. However, his 
definition of a desirable civilization is 
challenging: “Freedom, freedom to be 
one’s self, freedom to work out one’s 
own position in the group as opposed 
to the hereditary caste system of feudal- 
ism; equality, equality of treatment be- 
fore the law, equality with others af- 
fected to decide what the law shall be and 
who shall govern, as opposed to arbitrary 
government by hereditary rulers, ‘equal 
rights for all, special privileges for none’; 
freedom of thought, freedom to think, to 
speak, to argue, to persuade, to publish as 
each might wish as opposed to dictation 
and repression along all these lines; spe- 
cifically, freedom of religion, freedom to 
believe or not to believe and to say so, as 
one’s own study and conscience shall 
decide with legal freedom to support any 
religion or none as each may choose.” 

Kilpatrick goes on to say that these 
things mean democracy with its active re- 
spect for personality wherever found. Itis 
the responsibility of higher education in 
this country during the next decade to show 
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the conflict between this kind of defini- 
tion of a desirable civilization and the con- 
flicting definitions of “civilizations” which 
have resulted in the social tensions of our 
world. These tensions are not clearly de- 
fined, and, consequently, our concept of a 
desirable civilization is not clear. It may 
be that the American view of a desirable 
civilization is best understood as a radical 
departure from the traditional European 
patterns. Moreover, the term “Oriental” 
covers sO many diverse and fundamentally 
different cultural patterns that we find 
difficulty in deciding what we contrast 
with American democracy. Likewise, the 
secular, parliamentary government of 
India is not Oriental, and if it is not 
American or European it certainly is 
much more like them than like the earlier 
Oriental despotisms. The chances are that 
these difficulties can be circumvented by 
reference to the several ancient cultural 
patterns of Asia now emerging from 
colonial domination and seeking ways 
through the morass of poverty and ignor- 
anee toward something different. The 
tensions arising over the conflict between 
Russian communism and democracy are 
more clearly defined. Even here the con- 
flicts are emotionally charged and leave 
much to be desired from the point of view 
of intellectual clarity. 

Higher edueation must face the fact 
that the mass hysteria of our times makes 
it almost impossible for anyone to think 
honestly or to speak frankly on these is 
sues for fear of being branded radical or 
subversive. As President Truman pointed 
out in Detroit on June 28, 1951, this fear 
has reached extreme proportions. On 
that occasion he said, “On the fourth of 
July over in Madison, Wisconsin, people 
were afraid to say that they believed in 
the Declaration of Independence. A 
hundred and twelve people were asked to 
sign a petition that contained nothing ex- 
cept quotations from the Declaration of 
Independence and the Bill of Rights. One 
hundred and eleven of those people re- 
fused to sign that paper—many of them 
because they were afraid it was some 
kind of subversive document and that they 


would lose their jobs or be called com- 
munists.” We confess a certain suspicion 
concerning this incident, but the kind of 
thing suggested here makes the battle 
against communism a confused one, with 
the result that too many people on all 
levels are simply taking on a kind of 
protective silence on the theory that what 
they do not say cannot hurt them. This 
leaves the real concept of democracy 
singularly defenseless among the very 
people who should be its leading ex 
ponents. Higher education must do more 
than “face the fact”; it must, by its very 
nature, provide an antidote to fear and 
hysteria. Its weapons are scholarship and 
enlightenment. 


Higher Education Must Inspire 


Statesmanship 


Higher education must redefine the 
functions of polities and government in a 
democratic civilization. The field of polit 
ical science, as it applies to the history of 
social organization and to the government 
of the people must undergo a thorough- 
going review by higher education, in order 
that we may bring to an end the trend 
toward bad government and establish once 
again true government of and for the peo- 
ple. There is a very general trend today 
for politics to destroy good government 
as well as good education. To state the 
matter in more positive terms, it is a 
function of higher education to define not 
only good government but good states- 
manship as a means of developing and 
Higher 
education must not be content to teach 
political science; it must develop and 
promulgate a science of government that 


maintaining good government. 


inspires statesmanship and not political 
expediency. 

Higher education must not only define 
civilization and the role of government 
and polities in maintaining civilization, but 
it must redefine the practical objectives 
of a good civilization to which government 
and education may address themselves. 
We are here combining the forces of 
education and government. For.too long 
education has attempted to separate itself 
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from government, but in view of the kind 
of world we have developed, this would 
seem to be no longer a desirable dichotomy. 
To unite the forces of government and 
education would strengthen both govern- 
ment and education. It would then be 
the function of education to define the 
objectives of a good civilization and the 
function of government and education in 
achieving these objectives. 

The practical objectives of a good civil- 
ization fall naturally into three categories 
as follows: (a) those having to do with 
international relations; (b) those having 
to do with internal relations in a demo- 
cratic society and with community rela- 
tions within such a society; and (c) those 
having to do with human nature and 
human personality as they impregnate the 
whole. Among the practical objectives of 
a good civilization having to do with in- 
ternational relations, the following are 
prominent: to maintain international 
peace and good will; to share industrial 
advantages and scientific achievements 
with other nations less favored than our- 
selves; to develop greater international 
understanding ; to show how nations might 
live in one world without war, or in two 
worlds if Willkie’s “One World” is not 
obtainable; to prevent the depletion of 
the world’s natural resources and_ to 
restore the “plundered planet”; to focus 
world attention on results that must fol- 
low from present national and interna- 
tional polities; to demilitarize the world; 
and to perfect some kind of a federation 
of authorities for the purpose of develop- 
ing a plan and procedure for uniting the 
cultures of the world. 

Among the practical objectives of a 
good civilization having to do with in- 
ternal and community relations, the fol- 
lowing may well be considered : to develop 
and to perpetuate the freedoms of demoe- 
racy; to promote economic well-being; to 
help education to help itself; to maintain 
freedom from pressure groups, including 
political interference; to defend democ- 
racy and private initiative from the en- 
croachment of communism; to learn how 
to use our expanding industrial economy 
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without destroying individual rights and 
privileges and without becoming regi- 
mented and state dominated; to continue 
the expansion of our national income and 
its use for the accomplishment of higher 
standards of living, the further advance- 
ment of eulture, and other values; to ae- 
cept the facts of history for what they are 
worth as examples of past success or fail- 
ure; to show how atomie energy and other 
contributions of science may be used for 
improving the way of life for the mass of 
mankind; to show how we may further 
advance our knowledge of science in order 
that we may increase our chance of sur- 
vival if attacked; to encourage the de- 
velopment of publie character as a bul- 
wark against its further disintegration; 
to strike a judicious balance between 
change and the status quo; to teach men 
to take the long view rather than to be 
everlastingly absorbed by the things of 
the moment; to give to educational in- 
stitutions the effective means of education 
now used largely for commercial profits 
such as movies, radio, television, and news- 
papers; to substitute reliable information 
and reason for emotional appeal as a basis 
for popular opinion and popular al- 
legiance; to promote “cultural pluralism” 
as one aspect of a wholesome culture and 
to affirm it against totalitarianism and 
cultural fragmentation ; to promote democ- 
racy through education; and to give our 
people a world view. 


Practical Objectives 

Among the practical objectives of a 
good civilization having to do with human 
nature and human personality, the fol- 
lowing may be included: to develop human 
nature through education; to develop a 
positive and creative leadership; to help 
people adjust themselves to a rapidly 
changing world; to dispel hazy thinking; 
to develop the concept of unselfishness; to 
denounce mediocrity; to discourage lach- 
rymose pessimism; to encourage assump- 
tion of responsibility to teach recognition 
and analysis of problems; to discourage 
men and women from being obsessed with 
the obvious; to discourage men and women 
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from believing absurdities; to develop 
social outlook and personal insight; to 
show how individuals may find a satisfy- 
ing life without doing injury to others; 
and to prevent a sense of futility and a 
feeling that we are at the merey of forces 
beyond our control. 

The foregoing are a few of the desirable 
practices of a good civilization which 
should be clearly defined and set before 
the world by the forces of education as 
practical objectives of a good society. It 
will be possible in this brief discussion to 
enlarge upon only a few of these areas 
of human endeavor for illustrative pur- 
poses. 

It is the function of higher education 
to invade more effectively the field of in- 
ternational relations; to address itself as 
vigorously to the problems of the world as 
they bear upon the relationship of nations, 
as the nations of the world are pursuing 
through noneducational means their own 
nationalistic tendencies and their own 
vested interests., Thus far in the develop- 
ment of ‘world civilization, international 
relations have not brought peace upon the 
arth. The best minds of the country 
must address themselves to the problems 
of effective relationships between nations 
in order to give some promise of security 
to the human race. The American Coun- 
cil’s publication The Role of Colleges and 
Universities in International Understand- 
ing is a remarkably comprehensive and 
detailed statement of the many opportun- 
ities and responsibilities of colleges and 
universities in this field. 

This field of endeavor may be illustrated 
by reference to our loss of the friendship 
of Asia and our need for restoring that 
friendship. In the past the people of 
Asia, especially the Chinese, have, on the 
whole, trusted and admired the people of 
the United States. It is therefore painful 
to witness the turning away of our 
Chinese friends, the distrust of India, and 
the outright hatred of the North Koreans. 
As most of the people of the world live 
in Asia, it will be impossible for America 
as we know it to survive if Russia wins 
the contest between communism and 


democracy. If the Korean War ean be 
brought under control, the United States 
should use every means within its powers 
to allay the fears of what Asiaties call 
American imperialism and to remove the 
causes of frustration. Asia considers that 
it has had bad treatment from what it 
refers to as imperialistic nations, with 
whom we are associated in the eyes of 
every Asiatic. The average American 
finds imperialism distasteful and our gov- 
ernment and our education should more 
clearly express the feelings of the average 
American on this point than they do at 
the present time. 

The frustration of the people of Asia 
is an urgent problem. These people are 
frustrated because they are desperately 
poor, because the white man has made 
them feel inferior. This point of view 
was brought out in the third yearbook of 
the Society for the Psychological Study 
of Social Issues in 1945 at the close of 
World War II. The report predicted 
fairly accurately what is now happening 
in Asia. It said in so many curiously 
combined words that the hazards that face 
us in the coming decades will not be haz- 
ards resulting from the frustrated peoples 
of the world, but from the frustrated 
peoples of the world being surrounded by 
populations with psychologically rich 
traditions as regards war, and with none 
of the groups possessing a unified and 
clear machinery for the maintenance of 
peace. 

Perhaps the answer to this problem is 
that we should listen more carefully to 
our social scientists and less to the poli- 
ticians of the world. Reflection upon our 
own history in relation to Europe should 
furnish a perspective in which we could 
appreciate better the sensibilities of those 
emerging from colonial domination. We 
need to make an unprecedented and here- 
tofore undreamed-of effort to dissociate 
ourselves from the policies and practices 
discredited by history. It is the role of 
higher education to discover and to seek to 
implement these new ways in dealings be 
tween ourselves and the peoples of Asia. 
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Human Equation 


Since some of the practical objectives 
of a good civilization are to be found in 
areas now served in a traditional way by 
higher education, a few references to some 
of these areas might be helpful in defining 
the new role of higher education in the 
new world. For example, higher educa- 
tion must review the function of science 
and engineering and their relationship to 
the human family. The true functions of 
science and engineering, apart from their 
functions of gaining knowledge and under- 
standing, is to make the world a happier 
place in which to live, a better place in 
which to live, and a more convenient place 
in which to live. They must relate them- 
selves more closely to the human equation 
and consider their effect upon the minds 
and souls of men. 

An entirely different type of objective 
for higher education is suggested by the 
word “vocation.” Higher education has 
always been concerned with the vocations 
that men and women follow. It is desir- 
able in these times to call upon education 
to review the whole problem of the role 
of man in earrying on the work of the 
world as related to his role as a social 
being. Vocationally minded men and 
women have departed from the Emer- 
sonian theory of man to the effect that 
when man was created he was not only 
divided into men that he might carry on 
the work of, the world, but that it was his 
responsibility upon returning from his job 
of doing the world’s work to give his at- 
tention to the problems of serving his fel- 
lowmen. One’s vocation can no longer be 
considered as an end in itself, but as a 
means of contributing to the welfare of 
mankind. The great professions and the 
professional schools have social obligations 
that are as compelling as those implied in 
the objectives of general education. 

It follows that if higher education is to 
review the areas of life commonly re- 
served to politics and government, inter- 
national relations, science and engineer- 
ing, and vocations, it must give its atten- 
tion to the whole problem of the social 
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sciences and the needs of the common man. 
Higher education must raise the question 
of the ends to be served in polities and 
government, international relations, sci- 
ence and engineering, and _ vocations. 
Ordinary courses in sociology are not suf- 
ficient. Higher education must address it- 
self to analyzing the needs of mankind 
that are to be served by the activities of 
leaders in all walks of life. 

Just as surely as we raise the question 
of the social sciences and their relation- 
ship to other services performed by the 
leaders of our society, we raise the funda- 
mental question of the moral, ethical, and 
spiritual disintegration of our society. 
We seem to have lost our sense of values. 
We find the disintegration of personal 
character in every phase of modern life. 
A simple course in ethies in our colleges 
and universities will not do the job. The 
problem must be approached on a broad 
front by all of the forces of higher educa- 
tion in this country. 

The crisis in character deserves further 
analysis. There seems to be little doubt 
that the greatest problem facing education 
and the world today is ethical or moral in 
character rather than intellectual or polit- 
ical. We have made such rapid strides in 
seientifie studies and intellectual pursuits 
that we have not only got rid of most of 
our superstitions but we may be on our 
way to losing a great deal of our faith. 
In this connection, Arnold Toynbee has 
been an outstanding spokesman. This 
historian believes that nations and eul- 
tures thrive and advance in direet propor- 
tion to the degree of loyalty they main- 
tain to spiritual principles. He also be- 
lieves that ours is a tottering civilization 
which “has shamefully succumbed to the 
intoxieation of a showy victory over phys- 
ical nature, and has applied the spoils to 
laying up treasures for itself without be- 
ing rich towards God.” Professor Ralph 
Gabriel, after an objective study of Amer- 
ican democratic thought since 1815, says: 
“The basie postulate of the democratic 
faith affirmed that God, the Creator of 
man, has also created a moral law for his 
government and has endowed him with a 
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conscience with which to apprehend it. 
Underneath and supporting human soci- 
ety, as the basie rock supports the hills, 
is a moral order which is the abiding 
place of the eternal principles of truth 
and righteousness.” 

The recent national scandals of various 
sorts have focused attention sharply upon 
pur failure inhigher education to ineuleate 
moral and spiritual principles. The prag- 
matic policy of deerying all absolute 
values in looking upon right or wrong 
simply in the context of what works in a 
given situation is under sharp attack. If 
our American education is grounded upon 
such foundations, it and our civilization 
are “dead ducks,” as Toynbee has so aptly 
said. 


Character is Learned 


Higher education must recognize the 
fact that character is learned and the 
learner acquires special characteristics 
from his experiences. If it is true that 
character is learned, and if it is true, as 
seems unfortunatély to be the case, that 
there is a disintegration of personal in- 
tegrity in our society, then it follows that 
the remedy lies, to some extent at least, in 
the field of education. In this connection, 
we do not believe that character can be 
based upon human personality alone as 
Walter Stace, at the Mid-Century Con- 
vocation on the Social Implications of 
Scientific Progress, held at the Massa- 
chusetts Institute of Technology, seemed 
to contend. He said in a panel discussing 
science and faith: “My thesis is that 
morals were formerly believed to be based 
on supernatural or metaphysical founda- 
tions. This belief is disappearing so that 
morals seem to have no foundation. This 
has produced a crisis in the human spirit, 
also of moral faith. But this is all based 
on a mistake. Morals have a perfectly 
firm and objective foundation in human 
personality. If man can be brought to 
understand this, then moral faith may be 
restored. The problem is really one of 
education.” We do not believe that eduea- 
tion has to ignore the traditional religious 
basis for character development. 
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Higher education cannot invade the 
area of value-judgments and undertake to 
restore the integrity of mankind without 
undertaking to -analyze and solve the 
whole problem of criminology. The legal 
approach to the solution of the problem 
of erime has failed. All our courts of 
justice, all our penal institutions, and all 
our education have not halted the disposi 
tion of a large segment of our population 
to engage in criminal acts of every con- 
ceivable kind. Again, a course in crim 
inology is not the solution. There must be 
a concerted effort on the part of higher 
education to deal with this problem in an 
intelligent and constructive way. 

Higher education must invade the realm 
of religion, and strengthen religion in its 
efforts to make the world a better place in 
which to live. A transmission of our great 
spiritual heritage has not taken place. 
Generation after generation of school chil 
dren and those in higher edueation are 
receiving only the most cursory treatment 
of the whole subject of moral, ethical, and 
spiritual values. Our failure to transmit 
the spiritual heritage of our people is due 
in large measure to the confusion which 
we have experienced as regards the mean 
ing of the separation of church and state 
in our schools. We have interpreted this 
to mean the separation of school and 
religion, and the result of this has been 
that a teacher, at state expense, can 
espouse the cause of any philosopher or 
theorist, can indeed attack organized reli 
gion, but he cannot in the line of duty 
openly support a religion, or religious 
ideas especially, without subjecting him- 
self to censure and without making the 
school subject to legal action to stop the 
teacher from so expressing himself. This 
confusion has in part contributed to the 
moral and ethical illiteracy of our genera 
tion, as evidenced by what takes place in 
government, business, and the professions 
beginning at Washington and extending 
to the outermost parts of the land. 

Higher education must also give greater 
attention to the arts and to the finer ex- 
pressions of the human mind and the 
human soul. The mind of man must be 








conditioned to love the finer things of life. 
This can come about only as our leaders, 
who are conditioned in our institutions, 
have the proper appreciation and love for 
the artistic and aesthetic expressions of 
man. 

As we invite colleges and universities to 
invade the whole realm of moral, ethical, 
and spiritual values, the wars which we 
have fought and which we are fighting 
today take on a different meaning, and it 
is not an insignificant observation that 
colleges and universities have been at war 
ever since the beginning of the Second 
World War. They are still training our 
officer personnel and working in their lab- 
oratories on the most destructive weapons 
to wage war ever conceived by man. 
These activities seem to be necessary, but 
one of the great problems of the next 
decade is how we can save the soul of 
higher education while thus engaged. 


Mental Health 


As we have observed, many of the prac- 
tical objectives of a good civilization have 
to do with human nature and human per- 
sonality. Moreover, many of them have 
to do with the attitudes of men and women 
and the poise and tranquillity by which 
they deal with the crises of our modern 
civilization. Therefore, we believe that 
higher education must “invade the whole 
field of mental health and help the people 
of our country and world to obtain an 
orientation to the difficult times in which 
we live. The needs of mankind in this 
realm are demonstrated by the tremendous 
sale of books, written in many eases by 
relatively incompetent people, which hold 
some promise of giving mankind the peace 
of mind that it seeks. The minds and 
souls of men are weary, uneasy, and 
frightened; and they seek comfort and 
tranquillity. If higher education is to 


make its contribution to the solution of 
these problems, it must release itself from 
its moorings, extend its field of effort and 
make its contribution to the solution of 
the problems of the human mind. Again 
we contend that courses of study alone 
will not solve these problems. It will take 
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the concerted efforts of the best minds of 
our day and generation. Not all of these 
minds, but many of them, are to be found 
in the field of higher education. This 
great human potentiality must be un- 
leashed and directed toward the solution 
of our common problems. 

In this brief paper on the problems of 
the next decade and the functions of 
higher education in helping to solve those 
problems, we have dealt with higher educa- 
tion in a thoroughly unorthodox way. In 
our opening paragraphs we attempted to 
set the stage for such a discussion by 
placing certain limitations on our analysis 
of the problems and the possible solutions 
to them. We dismissed the orthodox and 
traditional functions of higher education 
in order that we might give serious at- 
tention to the new role of higher education 
in the years that lie immediately ahead. 
In dealing with this new role of higher 
education, we assumed for it a vigor and 
healthy-mindedness that seems to be neces- 
sary if it is to perform its true function 
in the decade of the 1950’s. 

We ventured to assert that the primary 
funetion of higher education in the next 
decade is to redefine what we mean by a 
desirable civilization, and to defend that 
civilization intelligently against the en- 
croachment of other so-called civilizations 
which have resulted in the social tensions 
of the world. We advanced the convic- 
tion that it is not only the role of higher 
education to define and defend a good 
civilization but to define the practical ob- 
jectives of such a civilization in order that 
all the forces of democracy might combine 
in an effort to accomplish these objectives. 
Our justification for calling upon higher 
education to render these services is that 
the times in which we live are unusual 
times. Dangers lie all around us. The 
disintegration and even the destruction 
of mankind are not an _ impossibility. 
Whether or not we save our world may 
well depend upon many things but cer- 
tainly the contributions of higher educa- 
tion during the next decade will be signif- 
icant. 
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How higher education is to perform its 
significant role is a difficult question to 
answer. When one realizes the modest in- 
tellectual and scholarly equipment which 
most young people bring to college and 
how much time all of us, teachers and stu- 
dents, have to devote to keeping abreast 
of current responsibilities, we realize how 
little time and effort we can devote to 
looking ahead. Are we, therefore, merely 
engaging in a kind of wishfulness? We 
think not. There is still, we believe, an 
unused increment in our colleges involving 
individual teachers, research scholars, and 
students, that can be marshaled for some 
of the responsibilities we have outlined. 


Our Task 


First, we can set ourselves the task of 
understanding the problems of the next 
decade. Such an understanding would 
make the entire educational process more 
meaningful. Moreover, we can join hands 
with teachers, research scholars, and stu- 
dents throughout the world in a concerted 
effort to develop ways and means of solv- 
ing our common problems. Finally, we 
can come out of our ivory towers and join 
hands with government and men of affairs 
to the end that all of the forces of democ- 
racy may be unified in the common task 
of creating and defending what we have 
referred to throughout these pages as a 
desirable civilization. 


College Industry Conference 


About 500 representatives from New 
England colleges and industry attended 
the fourth College-Industry Conference, 
sponsored by the Relations with Industry 
Division of the American Society for En- 
gineering Education, at the Massachusetts 
Institute of Technology. 

The conference theme was “The Engi- 
neer as an Individual.” Opening addresses 
were given by Dr. Karl T. Compton, 
Chairman of the Corporation of M.I.T., 
and Dean S. C. Hollister of Cornell Uni- 
versity, who is President of the American 
Society for Engineering Education. 

Principal addresses of the morning ses- 


sion were given by Morris Meister, who 
discussed the secondary school aspects of 
the engineer’s training; Jess H. Davis, 
President of Stevens Institute of Tech- 
nology, who diseussed the college aspects 
of the engineer’s training; and H. N. 
Muller, who discussed the engineer’s in- 
dustrial training in his first year out of 
college. 

The afternoon session of the conference 
was devoted to three simultaneous panel 
diseussions centered on the themes of the 
morning talks. Moderators for the panel 
groups were K. B. McEachron, Jr., Ralph 
A. Galbraith, and J. C. MeKeon. 





Development and Utilization of 
Engineering Talent* 


By J. C. McCKEON 


Manager, University Relations, Westinghouse Electric Corporation 


Training and proper utilization of the 
limited supply of scientifie and engineer- 
ing personnel is the most critical problem 
facing our nation. The defense of our 
way of life and the re-establishment of 
any semblance of peace demand that we, 
as a nation, become strong economically 
and militarily—and remain strong. We 
must maintain a commanding lead in pure 
scientific research, engineering develop- 
ments, and industrial production. Such 
a tremendous undertaking requires trained 
personnel. The cold fact is we do not and 
will not, in the foreseeable future, have 
enough techniecally-trained men to meet 
industry and military needs. 


Utilization of Technical Manpower 


Members of ASEE are fully aware of 
the engineering manpower crisis. Pres- 
ident Hollister’s studies urge the estab- 
lishment of sound policies to allocate 
available technical manpower to industry 
and the military, to utilize talent effec- 
tively, as well as to encourage qualified 
high school students to enter engineering. 
The members are also familiar with the 
steps being taken by this Society, E.J.C., 
and other professional groups to bring 
the need for action to the attention of 
poliey makers in industry, government, 
and the general public. The progress of 
these organizations is well-known to each 
of you. 


* Presented at the Winter Meeting of the 
American Society for Engineering Educa- 
tion, Middle Atlantic Section, Newark Col- 
lege of Engineering, December 1, 1951. 
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The manpower crisis challenges each of 
us as individuals. For in the last analysis, 
this problem must be solved by the man- 
agement of each company. True, the solu- 
tion, in part, lies in the establishment of 
sound national policies. However, while 
organized groups are working at the 
national level, we must make sure we are 
doing everything possible to meet the 
situation in our own organizations. In 
the critical days which lie ahead, greater 
emphasis must be placed on the respon- 
sibilities of the individual units employing 
engineers. 

Although there are many aspects of the 
manpower problem, I shall confine my 
discussion to the development and effec- 
tive utilization of technically-trained men 
within a company. The first step toward 
a constructive personnel development 
policy is the realization that your company 
will be unable to secure all the technical 
manpower required, either through the 
recruitment of young engineers and sci- 
entists from the colleges, or by the employ- 
ment of experienced men from other com- 
panies. Although management recognizes 
the problem, generally, the tendeney is to 
think in terms of the shortage affecting 
the other company and that somehow your 
company will get all the technically- 
trained men it needs. Facts do not justify 
such optimism. 

The second step is acquiring an ap- 
preciation of the value of a personnel 
development program. Productivity per 
engineer can be increased through effec- 
tive training and personnel development. 
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DEVELOPMENT AND UTILIZATION OF ENGINEERING TALENT 


The experience of enlightened organiza- 
tions has demonstrated the value of well- 
planned programs. Proper job place- 
ment, higher level of technical competence, 
better supervision, greater job satisfaction 
spell higher productivity. 

Moreover, an effective development plan 
gives assurance that the individual skills 
will be used to the best advantage. A 
properly managed program aims, not only 
to find and develop talent, but to use the 
native and acquired skills. This objective 
is accomplished by employing the young 
engineer’s present abilities at the highest 
possible level and, at the same time, de- 
velop his technical and social skills for 
positions of enlarged responsibility. To 
meet the impending crisis, the top manage- 
ment of every industrial organization must 
vigorously support an integrated person- 
nel development program. In some com- 
panies it means the inauguration of a new 
plan; in others, the realignment of exist- 
ing programs and filling-in the gaps is all 
that is required. Few companies, if any, 
2an rest on their laurels and. remain in 
business during the next quarter century. 

Having recognized the manpower prob- 
lem and being convinced of the value of 
personnel development, we are ready to 
translate our ideas into a program of posi- 
tive action. This brings up the question— 
what type of program should be estab- 
lished? The answer depends upon the 
nature of the company. The type of 
goods produced or services rendered, chan- 
nels through which goods or services are 
marketed, geographical location, labor 
conditions, past experience with training 
programs, calibre of present supervision, 
and management philosophy are factors 
to be considered. In most organizations, 
it is advisable to introduce the program in 
steps, particularly in companies in which 
the first line supervision is not training- 
conscious. The transition in such organ- 
izations should be gradual. 

Irrespective of the foregoing variables, 
there are a number of training and educa- 
tional areas a program should embrace. 
For a picture of what I have in mind, I 
will highlight the essential features of a 
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program for professional people which 
has proved successful in the organization 
with which I am associated. Perhaps our 
experience can serve as a point of refer- 
ence for interested in blue- 
printing their own professional develop- 
ment plan. 


companies 


A Personnel Development Program 


Early in the history of the company, 
through the efforts of George Westing 
house and B. G. Lamme, a program for 
the recruitment and development of engi- 
neering graduates was inaugurated. This 
program has been consistently appraised 
and adjusted to meet changing conditions. 
Its primary objective is to develop com- 
petent people for all technical and man- 
agement positions in the company. Noth- 
ing is more fundamentally vital to the 
future of our company than a sound per- 
sonnel development program. Emphasis 
is placed on the development of broad, 
professional attitudes as well as technical 
Our personnel development 
program consists of a number of individ- 
ual programs, which may be described as 
a Six Point Plan. 


competence. 


I. Selection and Recruitment 


The first step in building and maintain- 
ing our organization is the recruitment of 
capable people. The great majority of 
technical and professional personnel of 
Westinghouse is recruited at the colleges. 
It is not only important to have a flow of 
new blood into the organization, but it 
must be the right type. 
ing of candidates from the standpoint of 
technical ability and personal qualities is 
considered essential. Ineffectual selection 
not only results in the employment of 


Careful sereen 


misfits who prove costly in terms of turn 
over and employe dissatisfaction, but de 
prives the company of good men who will 
be needed in the future. Men recruited 
at the colleges tor positions on the first 
rung of the professional ladder are se- 
lected for their potential rather than their 
ability to beeome fully 
mediately. 


productive im- 
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Il. Initial Training 


The objectives of the Graduate Student 
Course, our initial training program, are 
to give the recent college graduate an 
understanding of the company’s organiza- 
tion and the diversified activities open to 
him; to teach him methods of applying 
fundamental principles to the solution of 
industrial problems; and to assist him in 
finding the right type of work in line with 
his aptitudes, interests, and educational 
background. 

These objectives are accomplished 
through a series of coordinated work as- 
signments, technical and professional con- 
ferences, and individual counseling. In 
brief, the program is a process of match- 
ing men and jobs and providing each man 
with the tools to move forward. It is 
a system in which the individual plays 
a leading role in determining the nature 
of his career. 


III. Follow-up Training 

Continuous training on an informal 
basis is essential to the maximum develop- 
ment of a young engineer. Upon place- 
ment in a department, he is assigned to a 
senior engineer, who understands the prob- 
lems confronting a new man. A sym- 
pathetic approach does much to bring out 
the good qualities and remedy shortcom- 
ings. 

As the young engineer gets a “feel” of 
the work, he is encouraged to assume 
responsibility as fast as he can handle it. 
Flexibility in arranging jobs makes pos- 
sible the use of the individual’s abilities 
at the highest level. Job rotation broadens 
his knowledge, and prepares him for ad- 
vancement along technical or supervisory 
lines. 


IV. Continued Education 


Continued education is an integral part 
of the Westinghouse development plan. 
Professional employes are urged to in- 
clude both formal and informal education 
in their own self-improvement program. 
Supplementing undergraduate education 
with additional study is of particular 
value to a young engineer. It broadens 


his background, keeps him mentally alert, 
and provides a foundation for profes- 
sional growth. Educational pursuits also 
give a sense of personal accomplishment. 

The Graduate Study Program, affiliated 
with ten universities, offers unusual op- 
portunities to combine graduate work with 
the regular job. A majority of the 
graduate-level courses are offered in the 
late afternoon or evening, although the 
well-known Design Schools, started by 
B. G. Lamme in 1912, are daytime pro- 
grams. The fields of study include math- 
ematics, science, engineering, and business 
administration. Our engineers are en- 
couraged to avail themselves of classes in 
business management, the social sciences, 
and the humanities, as well as technical 
courses. The company pays a substantial 
part of the tuition costs. 


V. Professional Activities 

Participation in engineering societies 
and civie organizations does much to 
develop the well-rounded individual re- 
quired in our organization. Contacts with 
people with different backgrounds and in- 
terests broaden the young engineer’s view- 
point. All technical graduates are urged 
to continue their engineering society af- 
filiation. Committee work engenders a 
sense of belonging and promotes a profes- 
sional consciousness. The preparation 
and presentation of papers build self- 
confidence and give the young engineer 
recognition in the company and through- 
out the profession. Management sets the 
example by actively supporting the soci- 
eties. 


VI. Management Development 


The management talent search is a must 
for every company. Under our Six Point 
Plan, we do not have to start from scratch 
to develop executive leadership. The pro- 
gram outlined in the foregoing paragraphs 
provides the foundation and brings po- 
tential leaders to the attention of manage- 
ment. Our point VI, therefore, concerns 
itself with grooming men of demonstrated 
ability for positions of increased manage- 
ment responsibility. 
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Development at this level is, by neces- 
sity, individualized. An engineer normally 
becomes a “specialist.” To manage cap- 
ably on the higher levels, he must be a 
“generalist.” Through horizontal promo- 
tion, special tours of duty, and leadership 
training conferences, broad-gauge man- 
agers are developed. Decentralization of 
operations and the “divisional type” of 
organization contribute to the develop- 
ment of competent executives. 

The Six Point Plan is fundamentally 
sound. Its basic principles are applicable 
to any company, large or small, although 
the details of operation and methods em- 
ployed must be tailored to fit the in- 
dividual company. 


Meeting Individual Needs 


The comprehensive program I have out- 
lined gives careful consideration to the 
development of personal qualities essential 
to success. Here we are dealing with in- 
tangibles which at once pose the most 
perplexing and at the same time the 
most challenging’ questions in personnel 
management. Although people do not 
differ from one another much, the small 
differences are of great significance. Suc- 
cess in integrating this human equation is 
difficult to measure. Nevertheless, in its 
efforts to increase the technical competence 
and industrial “know-how” of the college 
graduate, management must be mindful of 
the value of personal development for 
professional responsibility. 

When we employ a college graduate, we 
do not hire mechanical skill or analytical 
ability alone. Instead, we hire an in- 
dividual with many personality traits, all 
of which have a bearing on his perform- 
ance on a job. As an individual, the 
employe does not park his human equip- 
ment at the shop gate when he reports for 
work each morning. He brings with him 
his hopes and his fears, his good qualities 
and his bad traits; they are all a part of 


him. His home life and adjustment in the 
community influence his work, and the 
conditions of work, in turn, affect his 
family relations. A live, moving organiza- 
tion cannot be built without due regard 
for the needs of the individual members 
of the industrial team. 

The points I have just raised may seem, 
to some people, far removed from our 
discussion on industrial production and 
the shortage of engineers and scientists. 
Indeed, they are very close. Motivation, 
pride of workmanship, and high morale 
are the keys to productivity. Attitudes 
are significantly related to the individual’s 
response to the industrial situation. De- 
velopment programs must have high ideals 
which inspire the individual as well as 
objectives which are immediate and prac- 
tical. 

The development and utilization of engi- 
neering talent cannot be left to chance. 
It must be carefully planned. To effect 
a program, top management must, first, 
establish a clear-cut policy concerning the 
development of professional personnel. 
This policy must then be implemented, 
through a program which provides the 
machinery, to accomplish the desired ob 
jectives. An organized program not only 
provides the means of finding and develop- 
ing particularly talented men, but it raises 
the general level of professional com- 
petence throughout the organization. 

Whether we as a nation experience a 
series of Koreas, all out war, or a period 
of uncertain peace, we must maintain a 
state of total preparedness. Failure to 
educate, train, and properly utilize our 
greatest asset—potential leaders—would 
be national suicide. 

As individuals, and as members of a 
profession, each of us must assume a 
full measure of responsibility in the estab- 
lishment of sound policies for the con- 
servation of professional talent. 





Engineering English: A New Strategy 


3y RICHARD B. VOWLES 
Assistant Professor of English, University of Florida 


There are always a few engineers who 
find the English language both disquieting 
and alien. They take cold comfort in the 
admission of such a professional writer as 
Arthur Kober that the composition of a 
simple declarative sentence is plain tor- 
ture. They may console themselves that 
if you have an idea words won’t stand in 
your way; but they know better. Despite 
a spate of books on technical English and 
report writing, which happily indicate 
that the engineer is of all professional 
men most conscious of the need for ac- 
curate communication, alienation still ex- 
ists between the engineer and his lan- 
guage. Now it is largely up to the col- 
leges of engineering to turn this armed 
truce into an amiable partnership. 

The University of Florida is at present 
experimenting with a program of tech- 
nical English that may well be novel and 
is certainly an unusually flexible strategy. 
It is based on four fundamental assump- 
tions, that 


(1) the language is part of the engi- 
neer’s know-how, 

(2) technical English ought to be 
taught by technical men, 

(3) it ought to be taught in the engi- 
neer’s bailiwick, and 

(4) it ought, so far as possible, to be 
integrated into existent courses. 


Ideally, such a program should overcome 
any possible grudge the engineering stu- 
dent might harbor toward his language. 

The English staff in engineering pres- 
ently consists of two Ph.D.’s (in English) : 
an assistant professor with a background 
of chemistry and chemical engineering 


(8 hrs.); an instructor experienced in 
petroleum engineering (4 hrs.); and a 
graduate assistant (10 hrs.). They con- 
stitute a kind of roving team, if you like; 
their essential function is trouble-shoot- 
ing. Their dual qualification eliminates 
any taint of that condescension which 
sometimes makes the man of arts persona 
non grata in a sciences building. And well 
it is that sympathetic cooperation should 
be complete, since the college of engineer- 
ing at Florida is motivating the program 
and supplying budgetary allotment to it. 


Special Services to Engineering 
Departments 

Each department avails itself of this 
service in its special way. Civil engineer- 
ing incorporates a series of four lectures 
on basie writing problems into a seminar 
on engineering literature. Industrial engi- 
neering prefers to have a member of the 
English team spot-check a set of papers 
from time to time, in which case a frac- 
tion of the grade is a writing proficiency 
score. Chemical engineering employs 
what is possibly the most interesting tech- 
nique. Sets of laboratory reports are 
intermittently turned over to the English 
staff for correction in matters of diction, 
syntax, and structure, before being graded 
by the professor in charge of the course. 
Individual conferences are later held with 
ach student during the laboratory hour. 
Consequently the intrusion is minimized 
and the young engineer learns to consider 
his language problems in the context of 
plant and laboratory practice. 

In addition, the English staff offers 
what it likes to call a kind of consultant 
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service. Students in the throes of a 
seminar report are invited to bring their 
problems to the staff quarters in the engi- 
neering library. If they are unable to get 
any life into that first letter of applica 
tion, they are offered advice. Thus, the 
report or the letter is made a “nuclear” 
situation, as latterday jargonists might 
put it. 

In short, the engineer is not asked to 
write the series of artificial letters, papers, 
and reports that the traditional course in 
Technical Report Writing heaps on what 
often an overloaded schedule. 
Furthermore, the report is not isolated 
from its functional relationship to engi 
neering practice. We hope, here at Flor- 
ida, that the technical elective in report 
writing will be obviated by this fluid pro- 
gram which is now operative experi 
mentally. 


It is realistic. 


is so 


Screening Test 


Such a plan as this might result in a 
fragmentary. pioture of writing skill. To 
prevent this and to permit an early stock- 
taking of material, the entire junior class 
of engineers is given a screening test upon 
entrance into the upper college. During 
a 11% hour period the student is required 
to proof a passage of semi-technical prose 
and to write on one of a number of con- 
troversial scientifie import. 
Each student, no matter what his perform- 
anee on the test, then has a brief con- 
ference with a member of the English staff 
who acquaints him with the English pro- 
gram and indicates how it may offer effee- 
tive remedy to some of his problems. 

Those students deficient in English are 
required by their departments to attend a 
refresher course, not unlike what is usually 
and unfortunately called “remedial” Eng- 
lish. Attention is given to the funda- 
mentals of Englishsin a thoroughly tradi- 
tional way, except that the slant is tech- 
nical and every possible use is made of 
the scientific analogy. For example, L. O. 
Guthrie’s designation of the verb as the 


passages of 


“energy center” has been found useful in 
a discussion of the elementary design of a 
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and other strategies of the com 
Such 


pandering to the 


sentence, ! 
munications course are employed. 
method is surely not 
specialized mind, but 
poor students who, since high school days, 
have building up a hard 
their language. So far, 
mimeographed materials drawn from stu 
dent writing and scientific journals have 
been used in place of a standard text 


Wise approach to 
been core ol 


resistance to 


At present, no more than one month of 
the course is required; from that point on 
attendance is voluntary. The theory is that 
on which most reading and speech clinics 
operate, that enforced attendance over a 
period of time militates against coopera 
tive effort, at least in such non-credit ac 
tivity. This course is, however, still in a 
state of experimental flux. 

Our program, in its entirety, is part ot 
the upper college. It has no bearing on 
the freshman course, where the engineer 
vets exactly the same instruction as the next 
man. Certainly it is far from our design 
to give him the feeling he is especially 
privileged or especially retarded in his 
language training. 


Make Language Conscious 


Finally, it might be observed that the 
benefit of the Florida program lies not 
in dressing up any single technical report 
or in dressing down any particular stu 
It lies, instead, 
in making the entire engineering school 


dent, for his faulty style. 


language-conscious, and in improving the 
texture and tonus of engineering writing. 
The engineering faculty have shown ad 
mirable foresight in activating a program 
which may, if successful, spread to other 
divisions of the University and may even, 
It is 
still too early to evaluate the plan in terms 
of teaching hours and profit and loss, but 
by way of interim report we might predict 
The Florida plan has 
the strategie value of being less intrusive 


as a trial run, create wider interest. 


a modest success. 
and at the same time more pervasive than 
the traditional approach. 


1 Factual Communication (New 
Macmillan, 1949), 212, 


York: 





How Can ASEE Assist the Young Instructor ?* 


By HENRY H. ARMSBY 


Associate Chief for Engineering Education, U. 8S. Office of Education 


In a paper before the Southwest See- 
tion of ASEE in April 1949, a condensed 
version of which is scheduled for publica 
tion at an early date in the Journal of 
Engineering Education, your speaker out- 
lined some methods by which the colleges 
and universities can help young instrue- 
tors to grow and develop professionally. 
Other papers on today’s program have 
been devoted to the problems of the young 
instructor in learning how to teach, and to 
a diseussion of teaching techniques. In 
this paper it is proposed to discuss some 
of the ways in which ASEE as a Society 
can assist the young instructor to achieve 
his full professional stature. 


Need for Professional Development 


This discussion is based upon the as- 
sumption that the young instructor we are 
discussing is in the teaching business be- 
cause he wants to be, and that he, like 
other young men, desires to make good in 
his chosen profession. He aspires to be 
the professor, the department chairman, 
the division director, or in some eases the 
dean or the college president of tomorrow, 
just as his classmate in industry aspires to 
be the chief engineer, the general superin- 
tendent, or in some cases the manager or 
the company president of tomorrow. Of 
course, not all of our young instructors 
will beeome deans, nor will all of our 
young engineers in industry become gen- 
eral superintendents. Those who reach 
these high positions will do so beeause 
they have grown, not merely in age, but 

* Paper presented before New England 
Section, American Society for Engineering 
Edueation, October 14, 1950. 
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in variety of experience, breadth of knowl- 
edge and vision, in ability to accept and 
to discharge responsibility, in awareness 
of civie duties, and the desire to help 
younger men. In other words, either 
avenue of promotion depends on pro- 
fessional growth. 

There is widespread recognition of the 
need in industry for the engineer to under- 
stand not merely scientific principles and 
their practical applications, but also the 
social, economic, and political impliea- 
tions of his work. This recognition has 
been exemplified by the Interprofessions 
Conference on Education for Professional 
Responsibilities at Buck Hill Falls, Penn- 
sylvania, in 1947, and by the findings of 
the Engineers’ Joint Council and the Engi- 
neers’ Council for Professional Develop- 
ment. 

The successful engineering teacher must 
also develop professionally, not only as an 
engineer but as a leader of men, who can 
instill in his students a spirit of scholar- 
ship and a desire to develop themselves to 
the limit of their individual capacities. 
Furthermore, the good teacher must give 
to his students knowledge of how they may 
proceed most effectively with their own 
development. The primary responsibility 
for increasing his competence as a teacher 
rests, of course, on the teacher himself, but 
his institution and his professional col- 
leagues are in a position to do a great deal 
to assist him in planning his self-develop- 
ment, and even in carrying it out. They 
should make it clear to him that he is 
expected to grow and to develop, and 
should give him opportunities to do so by 
properly orienting him to his work, by 
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enabling him to do post-graduate study, 
and by encouraging and assisting him to 
gain both teaching skill and industrial 
and research experience, the objective of 
which should be to improve his knowledge 
and broaden his interests, rather than 
merely to increase his income. 


The Purposes and Values of ASEE 

The young engineering instructor’s pro- 
fessional colleagues as a group are rep- 
resented by the American Society for 
Engineering Education, a Society organ- 
ized with the fundamental purpose of 
“the advancement of education in all its 
functions which pertain to engineering 
and allied branches of science and tech- 
nology, including the processes of teach- 
ing and learning, research, extension serv- 
ices, and publie relations.” Its Constitu- 
tion sets forth that the Society “shall serve 
its members as a common agency of stimu- 
lation and guidance in the develop- 
ment of effective teachers and administra- 
tors, the improvement of instructional 
materials and methods, of personnel prac- 
tices, and of administrative usages, the 
enhancement of professional ideals and 
standards, and the cultivation of a 
fraternal spirit among teachers, adminis- 
trators, investigators, practitioners, and 
industrialists.” These are high ideals in- 
deed and any society which can even par- 
tially realize them ean feel that it is 
making a most worth-while contribution 
to the welfare of its members. 

Nothing is quite so valuable to the be- 
ginner in any profession as the inspira- 
tion he can secure by close contact with 
the leaders of his profession. Also, noth- 
ing contributes quite so much to his ad- 
vanecement as the opportunity to become 
known to these leaders, to show them his 
abilities, and to make himself useful to 
them. For the engineering teacher, there 
is no way in which these objectives can be 
achieved better than by active participa- 
tion in the work of the American Society 
for Engineering Education, by attendance 
at meetings, by joining in discussions, by 
preparation and presentation of papers, 
by service on committees, by holding of- 
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fice, and in general by furthering the aims 
and objectives of the Society. He ean 
thus make himself known to the leaders 
of his profession and can be developing 
his own abilities in an extremely practical 
way. As in most human activities, the 
benefits he derives from ASEE well de- 
pend quite largely on the amount of effort 
he expends. 


The Young Instructor in ASEE 


In general, the instructor should start 
by making himself useful to his Branch if 
there is one in his institution, and to the 
Section in which his institution is situated. 
He has a much better opportunity to make 
himself known in these groups 
than he would have by starting directly 
in the national group. If he 
reputation for clear thinking, for ability 
to express himself well, for willingness 
and ability to do committee work and to 
hold office in the Section, he may rest as- 
sured that he will attract the attention of 
the national officers of the Society, and 
that his talents will be put to work for 
the benefit of the national Society, which 
will contribute greatly to his own profes- 
sional growth. Many college administra- 
tions realize this and encourage participa- 
tion in the affairs of ASEE and of the 
professional engineering societies. The 
amount and character of the teacher’s 
participation in such affairs is frequently 
given consideration in making staff pro- 
motions. Of course it is understood that 
such activities should not be looked on as 
a substitute for doing work 
and otherwise cooperating with his campus 
colleagues. 

ASEE is organized in such a way that 
the individual member has direct and easy 
access to the officers and the General 
Council, who administer the affairs of the 
Society. He is represented in two ways 
on the General Council, first, by a Couneil 
member chosen to represent the geograph- 
ical section in which his institution is 
situated, and second, by another Council 
member chosen to represent the subject 
matter division of the Society with which 
he is affiliated. The General Council 


smaller 


earns a 


committee 
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also includes the three immediate past 
Presidents and the Executive Board, con- 
sisting of the Society’s national officers. 
The Executive Board carries on the gen- 
eral activities of the Society between meet- 
ings of the General Council, and regularly 
performs certain functions which are 
delegated to it by the General Council. 

Each member institution of the Society 
has a representative on the Administrative 
Council of the Society, and each institu- 
tion which is actively engaged in engineer- 
ing research has a representative on the 
Research Council. The chairmen of these 
two councils are ex officio vice-presidents 
of the national Society, and therefore 
members of the General Council and the 
Executive Board. This democratic form 
of organization makes it possible for 
teachers of any academic rank to become 
officers of the Society, members of the 
General Council, or officers of Divisions, 
Sections, or Branches. 

Any member can offer a paper for 
presentation at the annual meeting or at 
a Section, Branch, or Division meeting, 
by merely sending a copy of his paper 
to the chairman of the Division, Branch, 
or Section concerned, many of whom rely 
on voluntary contributions in formulating 
programs. In addition to this, any mem- 
ber may submit a paper to the publication 
committee of the Society for publication 
in the Journal of Engineering Education 
regardless of whether or not the paper 
has been presented at a formal Society 
meeting. 


How ASEE Now Helps the Young 


Instructor 


The Journal of Engineering Education, 
the official publication of ASEE, con- 
stitutes a veritable storehouse of useful and 
inspiring articles about various aspects 
of engineering education. The young in- 


structor might well be a “eover-to-cover” 
reader of this journal, since even articles 
about some other phase of engineering 
education than the one in which he is 
particularly interested contain valuable 
suggstions which the young instructor can 
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utilize in his own classes. An outstanding 
example is found in the article entitled 
“Interdepartmental Cooperation for Better 
English” in the June 1950 issue, in which 
Professor Mack of Lehigh University out- 
lines the methods used in his institution 
in an organized effort to have every 
teacher actually do something about im- 
proving the quality of English used by 
his students. Any young instructor who 
reads this article should be inspired by 
it, and many will probably wish to adopt 
some of the methods discussed. Further- 
more, the idea of interdepartmental co- 
operation which is set forth in this article 
has valuable implications for other parts 
of the engineering curriculum as well as 
for the courses in English. 

The Society has published a “Manual 
of Effective Teaching,” which 
pared by a committee, 
Manual contains many valuable 
tions which will greatly assist the young 
instructor in organizing his work, in plan- 
ning his courses, and in self-evaluation 
of his effectiveness as a teacher. 


was pre- 
This 


sugges- 


Society 


The Society each summer sponsors one 
or more summer schools for engineering 
teachers. Each spon- 
sored by one of the subject-matter divi- 
sions of the Society, and is devoted to 
lectures, discussions, and exercises looking 
toward the improvement of the teaching 
of that particular part of the engineering 
curriculum. The primary emphasis of 
these summer schools is on the develop- 
ment of the teacher, and in general tech- 
nical engineering papers are avoided. 

Since April of 1949 ASEE has had a 
national Committee for Young Engineer- 
ing Teachers, under the chairmanship of 
Professor F. L. Schwartz of the Univer- 
sity of Michigan. This committee was 
appointed because of a feeling on the 
part of many that there was a need for 
some mechanism by which the younger 
members of the Society could find more 
direct assistance, expression, and respon- 
sibility in the advancement of themselves 
and of the Society. The committee has 
defined its objectives as: 


summer school is 











vs VS 
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A. An understanding of the general 
goals and responsibilities of the two 
professions which every teacher of 
engineering follows, engineering and 
education. 

B. Orientation into the history, the lore 
and the “unwritten laws” of the dual 

profession of engineering education. 


C. An acquaintance with the most ef- 
fective instructional materials and 
methods, with methods of eval lating 
student achievement, and with the 
elements of counseling and student 
guidance. 


] 


D. Guidance in his personal profes 
sional deve lopment both as an engi- 


neer and as a teacher. 


E. A means of exchanging ideas with 
his contemporaries. 

F. Stimulation. 

( 


i. Dissemination of knowledge. 


Two meetings of younger teachers were 
held in connection with the 1950 annual 
meeting of the, Society in Seattle. Pro- 
fessor Schwartz has suggésted that if 
sufficient interest develops among the 
younger teachers the group may at some 
future date apply for Division status in 
the Society. 

ASEE now has a Committee on the 
Improvement of Teaching under the chair- 
manship of Vice President Grinter. It 
is hoped this Committee will develop some 
definite, concrete, and worth-while pro- 
cedures which the Society can use and 
endorse toward this end. The Society has 
also been asked to name participants in 
a national conference on the improvement 
of college teaching, which is being organ- 
ized jointly by the American Council on 
Education and the United States Office 
of Education. 

There is no reason why a Section may 
not have similar committees, and other 
Sections might profitably follow the ex- 
ample of the National Capital Area See- 
tion in its annual meeting last spring. 
The theme of this meeting was “The Im- 
provement of Engineering Teaching.” 
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6. National and local committees might 
be appointed to study the implementation 
of the aims and objectives of the Society, 
stated in Article I of the Constitution as 
“the adjustment of curricula and educa- 
tional processes to changing conditions,” 
“the development of effective teachers and 
administrators,” “the improvement of in- 
structional materials and methods, of per- 
sonal practices, and of administrative 
usages,” “the coordination of institutional 
aims4and programs,” “the cultivation of a 
fraternal spirit among teachers, admin- 
istrators, investigators, practitioners, and 
industrialists.” 

Most of these services can be rendered 
effectively by Sections and Branches of 
the Society as well as by the Society as a 
whole. If the Sections and Branches will 


render these services, especially to their 
younger members, they will strengthen 
not only the individual member but the 
national Society and the institutions it 
serves. 


Conclusion 


The American Society for Engineering 
Education is doing a great deal to assist 
the young instructor to attain true profes- 
sional status. The Society can do more 
than it is now doing. It can be especially 
effective in the Seetions and Branches 
because of closer and more intimate con- 
tacts. The ultimate effectiveness of the 
Society in helping young instructors will 
depend in the final analysis on how much 
the young instructors help the Society. 


In the News 


National Science Foundation Grants 


The National Science Foundation has 
made travel grants to four American 
mathematicians to permit their attendance 
as members of the United States delegation 
to the First General Assembly of the In- 
ternational Mathematical Union in Rome, 
Italy, March 6-8, 1952. These are the 
first travel grants to be made under the 
Foundation’s program to provide for the 
attendance of American scientists at in- 
ternational scientific meetings. 


Russell S. Poor, Chairman of the Uni- 
versity Relations Division of the Oak 


Ridge Institute of Nuclear Studies, has 
taken a year’s leave of absence to join the 
National Science Foundation. Dr. Poor 
will head the Research Education Section 
of the Division of Scientifie Personnel 
and Education of the NSF. 


The National Science Foundation has 
announced approval of 28 research grants, 
totaling $410,000, in the field of the bio- 
logical sciences. This is the initial group 
of grants which will be made under the 
Foundation’s program for support of 
basie research in the sciences. 














“Tife is Short. 


We Need to Make it Broad” 


By CLEMENT J. FREUND 


Dean, College of Engineering, University of Detroit 


The late and revered Robert Doherty 
had many trenchant things to say about 
engineering education. For example, 
“One of the greatest deficiencies of engi 
neering courses in this eountry, in my 
opinion, has been the lack of cultural 
balance. Where such a balance has not 
existed the student’s intellect has been 
literally starved for the vitamins of 
humane appreciation, thus leaving him 
with what might be ealled technical rickets 

a wooden interest in things outside his 
technical field.” 

Whenever the chairman or the pres- 
ident, or even the chief engineer of any 
one of our great American corporations 
stands up to talk about engineering educa- 
tion, he pounds the table and insists that 
engineering education must be broad. 

And we engineering educators eagerly 
nod approval. We read about the need 
for broad engineering edueation in the 
“Report of the Committee on Educational 
Survey” of the Massachusetts Institute of 
Technology; we read about it in the “Re 
port of Committee on Engineering Educa- 
tion After the War,” in the “Report of 
Committee on Aims and Scope of Engi- 
and in the “Report 
of Investigation of Engineering Eduea- 
tion.” And we expect to read about it 
when Dean Hollister’s new committee re- 
ports to the Engineers’ Council for Pro- 
fessional Development. 
the time, our thoughtful leaders talk to 
us about the necessity for broad education. 
And we say to ourselves, “I agree with 
them exactly, only they say it so much 
better than I could.” 


neering Edueation,” 


Everywhere, all 


Practice What We Preach 


But do we always “suit the action to the 
word”? 

Observe a typical engineering dean. He 
has just returned to his office from a na- 
tional engineering convention at New 
York or Washington or somewhere. In 
the course of his address at the conven- 
tion he raised his arm on high and de- 
clared in a booming voice, “If our students 
are to attain to their proper stature in 
their engineering careers, we must see to 
it that they get a broad grounding in the 
humanities as well as in 
There was generous applause. 

First in the line of visitors to the dean’s 
office, now that he is back, is the chairman 
of his department of electrical engineer- 


technology.” 


ing. The chairman is looking for an as- 
sistant professor. The chairman is speak 
ing. “Here is a man with about five years’ 
teaching experience. He has a master’s 
degree, and earned a degree in liberal arts 
before he ever studied engineering; philos- 
ophy or political economy or something of 
the sort. He has been chief engineer in 
a company which manufactures all kinds 
of control equipment. He has had ex- 
perience in the telephone game, and he 
has even had a try in power utilities. He 
is widely travelled and has had his finger 
in a great many civie pies. He is highly 
recommended.” 

The dean displays no enthusiasm. He 
says “Humph.” 

The electrical engineering chairman has 
not succeeded in assembling too many ap- 
plications, but he proceeds hopefully. 
“How about this fellow? He has a bril- 
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liant record. He’s been teaching about 
five years too. He studied for the master’s 
degree and then went on for his doctorate. 
He prepared a masterful dissertation on 
‘Substation Protection by Power Carrier 
Methods.’ Since then he has been busy 
with research. This is a schedule of his 
publications. The titles all refer to sub- 
station protection. He seems to be some- 
thing of an authority.” 

“That’s more like it,” remarks the dean, 
and a bright gleam appears in the eyes 
of both men. 

Could not the dean and the chairman be 
any two of us engineering educators? 
We talk big about broad education, but we 
seem to forget all about it when we hire 
or promote faculty men; or when, in our 
early years, we are getting ourselves 
ready. 

Or perhaps we don’t forget; perhaps we 
have thought the matter through and have 
made the following assumption: 


We can accomplish the broad education 
of our students by making them study 
a variegated pattern of subject matters; 
even when each item of subject matter 
is taught by a specialist in his restricted 
field of electronics or economies or fluid 
flow. 


I strongly suspect that the assumption 
is not valid. 


Broad Outlook Necessary 


Although I am by no means qualified in 
the philosophy of engineering education, 
I find myself again and again confronted 
by the question: can teachers turn out 
broadly educated young engineers if the 
teachers themselves are not broad in out- 
look, in experience and in education? 

Perhaps I may be permitted to cite my 
own experience; after all, it is the only 
experience I have had. In my college 
days I pursued courses in political econ- 
omy, history, economics, psychology and 
the like. I can testify that there was no 
‘abundance of broad or liberalizing value 
in these courses as such; nor in any com- 
bination of these courses. 





WE NEED TO MAKE IT BROAD’? 


The broad or liberal influence was ex 
erted by the liberally cultivated teachers; 
men who had learned about the great lead- 
ers of all ages, who understood the motives 
and ideals which inspire the inhabitants of 
the world; men who had studied and 
worked with men and women of many 
different backgrounds and experiences in 
various territories and environments. 

Possibly we have been spellbound by 
the glamour and fascination of the grad 
uate schools. Graduate study and re 
search in engineering are quite the fashion. 
If any one of us is not exercised about 
them, he loses a vast amount of face. This 
is as it should be. The graduate schools 
and research centers are the inspiration 
and the fountain head of much of engi- 
neering progress. And so it is, I suppose, 
that we hire specialists who ean teach the 
graduate courses; and we fondly hope that 
broad undergraduate education will come 
out of it all, somehow, as a by-product. 

But is not the tail, perhaps, beginning 
to wag the dog? Last year there were 
18,522 graduate students of engineering 
in the United States; however, there were 
142,954 undergraduates. 

Should we not beat up our courage be- 
fore long and squarely face the issue? 
Have not the objectives and the methods 
of graduate and of undergraduate in- 
struction become so divergent that one 
man can hardly be expected to do a good 
job in both? 

In the graduate school, we train the 
specialist * in technology; in heat meas- 
urement, in viscosity or in vibration. The 
narrower and more restricted the field of 
work, the more expert, presumably, the 
student will become. And the narrower 
and more restricted the field of the teacher, 
the more effective, presumably, will be his 
teaching. 


Undergraduate Teachers Should 
Be Versatile 
In the undergraduate college of engi- 
neering, on the other hand, we strive, 


*This appears to be prevailing practice 
in spite of occasional insistence in some 
quarters upon broader graduate programs. 
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principally, to develop a man who pro- 
poses to become an engineer. We want 
him to have a grasp of the basie or 
elementary principles of engineering, and 
to know how to apply these principles 
to any ordinary situation to which they 
are pertinent. And we want him to grow 
into a citizen of broad understanding, in- 
formation and interest. Hence, the ideal 
undergraduate teacher should doubtless 
be versatile in his engineering competence 
and experience, and a cultivated man of 
the world. 

It may well be that we shall never fully 
succeed in fitting together graduate and 
undergraduate instruction. But why not 
try? In October, President Killian ad- 


College 


A grant of $400,000 to the Massa- 
chusetts Institute of Technology from 
the Edwin Sibley Webster Foundation to 
establish an Edwin Sibley Webster Pro- 
fessorship of Electrical Engineering was 
announced by Dr. Karl T. Compton, 
Chairman of the Corporation of the In- 
stitute. 


A special program in the colloid chem- 
istry of Elastic High Polymers in Science 
and Industry will be held at the Massa- 
chusetts Institute of Technology from 
June 16 to July 5. 

The course is planned to present to 
those actively engaged in the production 
and industrial applications of natural and 
synthetic elastomers the latest information 
on the chemical composition, structure, 
and produetion of elastic high molecular 
colloids of organic and inorganic composi- 
tion. 


dressed the annual meeting of the Engi- 
neers’ Council for Professional Develop- 
ment. He told them that the teacher 
of humanistie subjects must have status 
and privileges in the schools of tech- 
nology equal to the status and privileges 
of the teacher of science and engineering. 
Should we not paraphrase his injunction 
and insist that the versatile and broadly 
cultivated engineering teacher shall have 
status and privileges equal to the status 
and the privileges of the technological 
specialist ? 

If we could accomplish that much, the 
solution of our problem might at least be 
in sight. 


Notes 


The appointment of Malcolm S. MelIlroy 
as assistant dean of the College of Engi- 
neering at Cornell University effective 
July 1, was announced by President Deane 
W. Malott. MelIlroy was graduated from 
the electrical engineering course at Cornell 
in 1923 and received the doctor of science 
degree at M.I.T. in 1947. Before join- 
ing the Cornell staff in 1947, he was with 
the General Electrie Company, Schenee- 
tady, and the Central Hudson Gas and 
Electrie Corp., Poughkeepsie. He also 
taught at M.I.T. and during the war was 
assistant director of the M.I.T. Radar 
School. 


Development of an educational program 
designed to spread information on the 
facts and future of atomic energy was an- 
nounced by Michigan State College. 

College officials said the first phase of 
the program would be a two-day con- 
ference titled “Atomic Energy and the 
Future” scheduled May 20-21. 





“The Infinite Sphere”* 


By ALBERT E. SANDERSON 


Associate Professor of Drawing, Northeastern University 


In order for a student to become pro- 
ficient in the use of Multi-View Drawings 
it is necessary that he understand thor- 
oughly the relationships between the vari- 
ous views. I have long been in search of 
a better way to illustrate these relation- 
ships. 

The classical method for obtaining the 
necessary views is through the medium of 
the “Glass Box.” In this method the ob- 
ject to be drawn is placed at the center 
of the box. Projectors are then drawn 
from the object, intersecting the trans- 
parent sides. These points of intersection 
are connected to form the views and the 
sides of the box are then developed. 

It must be conceded that this method, 
though thoroughly artificial, is a con- 
venient and satisfactory method of obtain- 
ing the principal views. 

Though considerable mental coricentra- 
tion is required, the student is generally 
able to visualize similar steps leading to 
the solution of primary auxiliary view 
problems. 

It will, however, be generally admitted, 
I think, that in the matter of illustrating 
oblique (i.e., secondary auxiliary) views 
the “Glass Box” Method leaves much to 
be desired. The task of visualizing the 
unfolding of two auxiliary planes is a 
difficult one even for a drawing instructor 
and an almost impossible one for an in- 
experienced student. 


*This paper presented at the Drawing 
Conference of the Fall Meeting of the New 
England Section of ASEE at the University 
of Rhode Island on October 13, 1951. 


Direct Method 


Of recent years the Direct Method of 
teaching Multi-View Drawing has achieved 
some popularity. This is the method in 
which the observer looks directly at the 
object and draws that which he sees, using 
any preferred position of the eye. This 
method does away with the planes of pro- 
jection entirely, employing only reference 
planes from which to take measurements 
when working between views. This is the 
method in use at Northeastern and it has 
been found particularly satisfactory in 
correlating Descriptive Geometry with 
some parts of the Engineering Drawing 
Course. 

In using the Direct Method, as men- 
tioned previously, the eye of the observer 
is free to move to any desired location. 
In order for the rays to approach parallel- 
ism the distance from the object is gen- 
erally assumed to be infinite. As one 
visualizes this roving movement of the eye 
the surface generated is seen to be that 
of a sphere. 

I have designated this spherical surface 
as the “Infinite Sphere.” In the pages 
which follow I have drawn the sphere and 
plotted views upon its surface. It is, at 
least from a theoretical standpoint, pos- 
sible to illustrate in this manner any multi- 
view problem in Engineering Drawing or 
Descriptive Geometry and to have the 
entire solution visible in pictorial form. 
We are thus relieved of the necessity for 
traveling around corners to get from one 
view to another and all views assume their 
proper spatial relationship. What is most 
advantageous is the fact that the student 
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is able to look at a pictorial of this type 
and to connect it without difficulty with 
his drawing. 

With the eye at infinite distance the 
radius of the sphere also becomes infinite, 
so that, within the limited area of each 
view, the surface may be considered a flat 
plane. 


Illustrations for Classroom Instruction 

The drawings which follow are samples 
of the type of illustration which may be 
used in classroom instruction. 

Fig. l(a) shows the three principal 
views of a cut block. There is no definite 
orientation to the pictorial. Each of the 
views may be made to serve as top, front, 
or right and left side views by rotating 
the page. The ninety degree relationship 
between views is thus clearly established. 
This picture also shows, for example, why 
it is possible to draw a side view either in 
its normal position adjacent to the front 
view or in the “second position” adjacent 
to the top view, , Fig. 1(b) is a multi-view 
drawing of the same object. 

Fig. 2(a) shows the principal views to- 
gether with a primary auxiliary view. A 
reference plane has also been drawn in. 
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Note that this plane touches the right hand 
side of three of the views and in each of 
these the plane is seen on edge in Fig. 
2(b). This illustration is useful in dem 
onstrating that the width of the auxiliary 
view may be obtained from any view in 
which the reference plane is seen on edge 
As in the previous illustrations there is 
no definite orientation to the pictorial. 
BV rotating the figure the three common 
types of auxiliary views may be illustrated 
and in each position the reference plane 
will be seen in its proper place. 

Fig. 3(a) shows that it is possible, on 
the surface of a sphere, to show the prin 
cipal views, a primary auxiliary view and 
an oblique view, together with the neces 
sary reference planes and have the picture 
easily readable. It also seems much 
simpler to connect a pictorial of this type 
with the working drawing than by previous 
methods. This illustration may also be 
rotated to show how the edge views are 
obtained when horizontal, frontal or pro 
file principal lines are used as the direc- 
tion of sight. 

It is believed that this type of illustra- 
tion will be found most useful when made 
up into permanent drawings for display 
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purposes. 
to sketch on the blackboard a problem 
on the surface of a sphere unless he has 
made a preliminary trial, since the proper 
relationships between views are not easily 
obtained. 


FIG. 3 (a) 
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It is not easy for an instructor 
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FIG 2(b) 


This idea was suggested by the Celestial 
Sphere which is used in Astronomy— 
particularly that phase of Astronomy used 
in Higher Surveying. It may be shown 
that certain problems in Descriptive Ge- 
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similar problems in Spherical Trigonom- 
etry when represented on the surface of 
a sphere. This is an angle which would 
seem to be worth further investigation. 


Conclusion 


In conclusion, let me say that what I 
have presented here represents no cure-all 
for lack of aptitude, but it does, in my 
opinion, present the basie principles of 
Multi-View Drawing in better fashion 
than by previous methods. I have been 
very much surprised to find that the “In- 


College 


L. E. Grinter, Vice President of the 
ASEE and formerly Vice President of 
Illinois Institute of Technology, has an- 
nounced his appointment as Dean of the 
Graduate School and Director of Re- 
search at the University of Florida. At 
Gainesville, Dean Grinter will assume re- 
sponsibility for a graduate student body 
of 1500 students aud a research program 
involving an expenditure of several mil- 
lion dollars annually. He expects to take 
up his new duties at the beginning of the 
fall semester. For the past two years Dr. 
Grinter has been consultant to the Board 
of Control for Southern Regional Eduea- 
tion and is now a member of the Board’s 
Commission on Graduate Studies. Dr. 
Grinter came to Armour Institute of Teeh- 
nology in 1937 to organize the. graduate 
school and to serve as its first dean. With 
the merger of Armour and Lewis Insti- 
tutes he became the first vice president of 
Illinois Tech and was responsible from 
1940 to 1946 for the Institute’s coordinated 
educational and research program. Dur- 
ing this period Illinois Institute of Tech- 
nology developed its College of Liberal 
Arts, its Extension Division for educa- 
tional cooperation with industry, its scien- 
tifie research options, its management op- 
tions, and its industrial safety program. 
Several major departments were also es- 
tablished including metallurgical engineer- 


405 


finite Sphere” has been as much help to 
the teacher as to the student. 

As a further extension of this idea if 
seems likely that solid or transparent 
plastic spheres might be used to advantage 
with the problems worked out on the 
surface. A sample sphere may be seen 
on the platform. 

It is to be hoped that drawing in- 
structors in other institutions will give this 
method a trial and that we may have a 
worthwhile discussion of its merits at some 
future date. 


Notes 


ing, naval science, biology, food engineer 
ing and psychology including the Institute 
for Psychological Services. The distine 
tion of the faculty assembled under the 
leadership of Dean Grinter has attracted 
national attention. 

Since 1946, Dr. Grinter has been re 
search professor of civil engineering and 
mechanics at Illinois Tech. He has also 
served as chairman of the Panel on Equip 
ment and Construction for the Depart 
ment of Defense in Washington and in 
this work he has had the assignment of 
developing cooperation between the Army, 
Navy and Air Force in the field of re- 
search. Since 1948 he has been a con- 
sultant to the Research and Development 
Board on the resistance of structures to 
Atomie explosions. 

The writings of Professor Grinter in 
clude numerous scientific monographs and 
a half dozen books in the fields of strue- 
tural engineering and mechanics. He also 
writes articles on graduate and under- 
graduate education. Under Dr. Grinter’s 
direction two major ASEE committee re- 
ports are now approaching completion— 
one is a study of graduate education and 
the other a report on improvement in the 
teaching of undergraduate students. In 
this Society he was responsible for the or- 
ganization of the Graduate Division and 
served as its first chairman. 





The Place of Cooperative Education in 
Modern Industry* 


By ©. R. OSBORN 


Vice-President, General Motors Corp. 


The subject of my remarks today is 
“The Place of Cooperative Education in 
Modern Industry.” Because of the un- 
easiness which is evident on every side, 
among our students and, in fact, every 
strata of our people, brought about by 
world conditions and our internal situa- 
tion, perhaps I should talk about coopera- 
tive engineering and its place in our 
modern world. Such an all-encompassing 
subject provides a wealth of material to 
consume hours of your time and not too 
profitably either, because I must admit 
that I am as confused as many of you on 
the proper answers to these complexing 
problems. However, they will have to be 
dealt with and undoubtedly will be dealt 
with by some of the graduates of our co- 
operative schools, who by reason of their 
character, their method of education and 
their habit of dealing honestly and directly 
with facts, are peculiarly well equipped 
to assume these responsibilities industri- 
ally, politically and otherwise. 


Living in a World of Change 


I am sure of one thing which permits 
of no argument, that we are living in 
a world of phenominal change and the 
sooner an individual is brought face to 
face with realities, with facts as they are, 
the more we ean expect of him and his 
valuable contribution to himself and to 
the world community. Speaking from a 


* Presented at a special Centennial event 
entitled, ‘‘A Day on Co-operative Eduea- 
tion’’ at The Technological Institute, North- 
western University, November 8, 1951. 





technological point of view, no set of text- 
books can possibly be kept abreast of the 
rapid phenominal changes as they have 
occurred over the past few years. To 
give you a few examples; several weeks 
ago I visited our Allison Division where, 
among other products, we make turbo-jet 
engines. I was shown a new engine which 
had just completed it first few hours of 
operational tests and had proved to be one 
of the highest thrust engines ever to have 
been designed and produced in the world. 
It had not then started what we term its 
“type test.” Later in the day, our engi- 
neers showed me some new designs which 
when completed would, beyond any ques- 
tion of doubt, obsolete the engine that I 
had just seen. In fact, it is a common 
saying among our Allison people, working 
in this jet engine field, that by the time 
you have an engine through the Model 
Shop and ean see it in the flesh, it is 
already obsolete. How can such rapid 
change in progress be adequately covered 
in our text-books. 

Today in our diesel locomotives, we 
regularly obtain 750,000 to 1,000,000 miles 
on our pistons and cylinder walls before 
re-boring is necessary. A few years ago 
we were quite happy when we realized 
100,000 miles before replacement. 

One of Mr. Kettering’s favorite stories 
relates to an experience he had several 
years ago. He happened to accompany 
one of our noted educators through a dis- 
play set-up in a Detroit hotel in connection 
with an SAE Convention. We had one of 
our new diesel engine pistons in this dis- 


406 JOURNAL OF ENGINEERING EDUCATION, APRIL, 1952 














COOPERATIVE 
play. The educator stopped and ex- 
amined the piston very closely and finally 
asked Mr. Kettering if it had ever been 
used in any application. Ket replied in 
an off-hand manner, “Oh yes, it is used in 
all of our diesel engine applications to 
railroad motive power.” The edueator 
then inquired as to how much success we 
had with this piston; and when Ket re- 
plied it was tremendously successful, his 
friend stated that it just couldn’t be so. 
He pointed out numerous design features 
that were in conflict with every known 
principle of good piston design and finally 
said, “Ket, if that piston works, we will 
have to throw away every text-book in the 
country” Ket said, “Well, John, the 
engine that uses this piston hasn’t read 
the text-books.” He said, “All we did was 
to act as an errand boy. We made up 
one set of pistons, put them in the engine, 
ran them a while and asked the engine 
how it liked them. We took them out and 
looked at them and the answer was quite 
evident—the engine didn’t like them. We 
made another set and the engine liked 
them a little better. Acting as errand boy 
we trotted back and forth with new sets of 
pistons until finally the engine said, ‘I 
like this piston design just fine,’ and that, 
my friend, is the piston you see there.” 
Ket then said, “John, by the way, have 
you ever been a piston in a diesel engine?” 
And that ended the argument. 

In our gasoline engine designs, chemical 
improvement in fuels, or, in other words, 
higher octane gasolines obtained through 
advanced cracking processes and additives 
such as ethyl, have until recently provided 
the entire foundation for our development 
work in obtaining increased horsepower 
and improved economy in engine per- 
formance. 

Now we are accomplishing the same re- 
sult through unusual designs of compres- 
sion chambers and piston crowns, the re- 
sults of which we can and do measure in 
what we call mechanical octanes. Mechan- 
ical octanes are just as effective as chem- 
ical octanes and save the vast sums of 
money required to obtain high chemical 
octanes in fuel. We are now looking for- 
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ward to engines with compression ratios 
of 10 to 12, without having to pay the 
excessive investment penalty of very high 
chemical octane fuels; and which in turn 
will so improve the economy of our engines 
that they represent the equivalent of vast 
discoveries of Again, so 
much progress is being made in this field 
that the text-books cannot currently be 
kept up-to-date. 

In the chemical field, materials are being 
created which displace cotton, silk and 
wool at a lower price, and with better 
functional values. 

In the atomie field, no one knows—good 
or bad—what is in store for us. We do 
know, however, that if the use of atomic 
energy can be confined to peaceful ends, 
unbelievable results will be accomplished 
in new applications of this 
source of energy. 


new oil basins. 


powerful 


A Great Change in Industrial Relations 

There is also a great change which has 
oceurred in the last deeade in our human 
or industrial relations, as we eall them. 
All of our young men starting a career 
in any type of industrial enterprize would 
do well and, in fact, must keep abreast of 
the thinking and attitude of our working 
people. They must recognize that their 
ideas, aims, and ambitions will have to be 
dealt with fairly and intelligently and 
politically with the world condition such 
as it is today. 

It is to be hoped that our Universities 
through their curricula will provide the 
proper emphasis on the world’s political 
problems to insure at least an understand- 
ing of the significance of world events as 
they oceur; and with this understanding, 
that this host of young men, turned out 
by our Universities everywhere, will as- 
sume their rightful and proper responsibil- 
ity in the selection of their leaders to deal 
intelligently with these all-important world 
and internal political problems. 

Summarizing, it does seem to me, with 
the rapid change in every field of human 
activity which is so prevalent today, that 
we have an important problem to deal 
with, in our educational system which can- 
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not be adequately handled by the normal 
college curricula. I do believe, however, 
that our cooperative system of education 
provides an important and unique op- 
portunity for the young man starting a 
career today, an opportunity to keep 
abreast of these developments in the spe- 
cialized field he may select and an op- 
portunity that is not so readily available 
to him in any other way. 

I don’t want to leave the impression that 
I discredit the books or educational meth- 
ods now in use in our Universities, co- 
operative or otherwise. After all, the jet 
engine as we now know it didn’t appear in 
full bloom as a finished product on our 
design tables and Model Shops overnight. 
Our engineers obviously had to have a 
thorough grounding and understanding of 
basie thermo-dynamies which they ac- 
quired in some University, before they 
could even understand what goes on in a 
jet engine. And, even so, it is generally 
recognized, we still know very little of all 
the things happening in a jet engine when 
it is turning out such tremendous horse- 
power. I should like to mention in pass- 
ing, however, that the youngster studying 
thermo-dynamics in a University has a 
tremendous advantage, if, in his shop 
work he is exposed to jet engine design 
and performance, concurrently with his 
University studies. I did not have this 
opportunity when I was in school, and 
thermo-dynamics as a result was a pain- 
in-the-neck to me instead of the very vital 
and tremendously interesting study it 
could have been. 

My experience with hydraulics was the 
same. When we started this course, our 
professor stated that we could not expect 
to memorize all of the hydraulic formulae 
that we would encounter in the book; but 
he did state that he wanted us to under- 
stand the formulae and its application, to 
the extent that when we had a problem to 
be solved, we could go to the book, select 
the proper formula and apply it correctly. 
Therefore, whenever we had an examina- 
tion, we were permitted to use any books 
or notes that we had available. The Pres- 
ident of Purdue University told me of an 


experience that they had had in one of 
their hydraulics examinations. In their 
school they also permit their students to 
use any text-books or notes they have 
available in answering their examination 
questions; in fact, their hydraulics pro- 
fessor told his class that they could use 
anything in the examination that any 
student could carry into the room on his 
back. The next day, one of the students 
came into the room earrying the previous 
year’s hydraulic genius on his back. 

But to return to my point, I think the 
cooperative school should give to their 
students just as thorough education and 
understanding, as a full-time school, on 
all of the basic subjects, such as phys- 
ics, mathematics, chemistry, electricity, 
strength of materials, machine design, and 
all of those basie sciences and laws on 
which all research and design progress, 
must be based. In this respect I have no 
complaints or suggestions to offer, because 
with the faculties we have in our schools 
and with our advanced text-books, I think 
that our students’ education is in good 
hands. 

Nor do I want to leave the impression 
that I discount the tremendous value of 
our straight-time schools and the product 
they turn out, such as MIT and all the 
other fine educational institutions which, 
in fact, constitute the great proportion of 
our technical schools. We must not dis- 
count the fact that any engineering grad- 
uate, to be worth his salt, must understand 
the basie sciences, must of necessity, by 
reason of his engineering education, learn 
to think straight and to think honestly. 
And it does appear to me that schools 
operating on a full-time basis have a 
better opportunity within their student 
and post-graduate body, to better carry 
on basie research activities, for which 
there is a very great need in this country 
by reason of our political and economic 
position of world leadership. 

The cooperative school need not shy 
away from basic research; nor do they 
indeed. But it seems to me that they tend 
more toward that equally important field 
of applied science. 
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Now, since I have indicated that I feel 
an excellent job is being done in the 
purely educational field in our cooperative 
universities and have stressed so much the 
inadequacy of text-books to keep pace 
with the rapidly changing field of great 
engineering complexity and advance, you 
might reasonably ask what do I propose 
doing about it. I have two suggestions to 
make; one of which has to do largely with 
industry’s responsibility in this eduea- 
tional job and the second with a proposal 
to the universities for their consideration. 


Suggestions for Cooperating Industries 

While a Co-op student at the University 
of Cincinnati, I spent the first year and 
a half in a Heat-treating Department, be- 
eause the Foreman liked my work and the 
school coordinator couldn’t do anything 
about it, nor could I. I learned all there 
was to know in this department in six 
weeks and should have been moved on. 
Perhaps this type of situation has im- 
proved importantly over the years, and 
I am sure, it has; but I am equally sure 
that, as Plant Manager, I could have seen 
to it that a much better job was being 
done in intelligent rotation of jobs for our 
co-op students, so that they would have 
been provided with a thorough and well- 
rounded education with up-to-date know]l- 
edge of engineering and manufacturing 
practices that cannot be obtained in text- 
books, and which actually was the objec- 
tive that Dean Schneider had in mind 
when he created the Cooperative Plan of 
Engineering Education. I have the fol- 
lowing suggestions to make, and I make 
them with the knowledge that some of 
them have been part and parcel of the 
cooperative method of education for more 
than fifty years; but I repeat them be- 
cause I know that they must be empha- 
sized and re-emphasized in your contacts 
with industry if we are to realize max- 
imum advantage from the cooperative 
scheme of education. They are as fol- 
lows: 

1) Co-relate shop work with the Uni- 
versity curricula to the maximum degree, 
subject by subject and year by year. 


2) Insure that the student spends a 


goodly portion of his time as a workman 
so that he beeomes familiar with their 
thinking, their attitude, and their ambi- 
tions. He should likewise be required to 
become thoroughly familiar with the Labor 
Contract, its concept and operation. 

3) During his first two years, he 
should cover production routings, tool 
design, machinery application, engineer- 
ing, drafting and design, in fact, all 
the basie functions of a normal engineer- 
ing and manufacturing activity. His 
training in the factory should be just as 
intense, well planned and well ordered 
as it is in the school. A youngster 
edueated in such surroundings, if he is 
an engineer at heart, will eat it up. If 
he isn’t, the sooner he finds it out and 
shifts over to another activity, the better 
off he will be. It is my observation that 
in Co-op schools we have the outstanding 
advantage of correcting the errors of the 
parents, who, because Dad is an engineer, 
young Johnny must follow in his foot- 
steps. And except for the Co-op schools 
Johnny, who is a fine lad and wants to 
please his parents, because of the money 
they are spending on him, doesn’t find out 
that he is not an engineer, and doesn’t 
like engineering, until after their money is 
spent, the four years used up and he gets 
out in the shop and starts to get his hands 
dirty. It has been my observation that 
most of our lads in Co operative schools 
want to be engineers. All I am saying is, 
let’s take maximum advantage of that fact 
and not discourage the embyro-engineer 
by putting him in the blue print room and 
keeping him there, because he is very 
adept in learning how to fold up a blue 
print in the complicated fashion we use. 
Let us be sure that they do get—the 
KNOW HOW —the one thing that pays 
off—for them and for us. 

4) During his last two years, he should 
divide his time between production proc- 
essing, which will provide him with a 
thorough background in modern machine 
tool design and application and an ap- 
preciation of the progress currently being 
made in technological advancement, 
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5) and advanced engineering design. 
He should be associated, to the maximum 
degree possible, with the group or groups 
of engineers and designers who are re- 
sponsible for the conception, design and 
test of the most advanced engineering and 
research projects. These last two years 
are particularly important in the training 
of our young men, so that we can effec- 
tively bridge over the gap between our 
basic theoretical training in the schools 
and the tremendous advancement occur- 
ring each year in the technical sciences. 

6G) Finally, and to repeat, see that the 
cooperative plan of education is admin- 
istered in accordance with its original con- 
cept, without any intention of paternal- 
istic attitude or favoritism. Industry must 
watch and control the activities and prog- 
ress of the student in the factory and 
laboratory just as closely as their time, 
activity and results are controlled by the 
faculty in the school. Anything short of 
this requirement defeats the purpose and 
value of this very important and advanced 
type of education. 


Suggestions for Cooperative 
Plan Colleges 

My second major point, as I have men- 
tioned, has to do with a suggestion to the 
school. I am very much in favor of educa- 
tion, where opportunity permits, by case 
example. Case example in my vocabulary 
is another way of saying, “Education by 
recount of ‘experience.” Let me explain 
my idea of how this can be effectively 
introduced in our educational scheme of 
things, if it is not already in existence in 
our schools. 

I would set up a case example one-hour 
lecture course per week for the entire 
senior year. Northwestern University has 
Co-ops, as we eall them in Cincinnati, 
working at a number of different plants 
throughout this area. One of these plants 
has developed a new type of piston, 
which I have already mentioned. An- 
other, a new advanced type of compressor 
for a jet engine. Perhaps another has a 
new method of making soap. Another, a 
new material to replace all of the insulat- 
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ing materials, with many times the life 
and effectiveness of the old materials. 
Another, a new manufacturing method, 
which has reduced productive hours by 
50%. Another, an executive who has just 
returned from an important Washington 
or European post, who has an unusual 
fund of knowledge on our foreign and 
domestic problems and policies. I know 
that these industries with whom you are 
in regular contact have a fund of knowl- 
edge touching every aspect of advanced 
manufacturing practices, modern design, 
experiences in industrial and human rela- 
tionship, which, if made available to our 
students in the form of papers or lectures 
by responsible people within industry, 
could become the nucleus and foundation 
of a new course of tremendous interest 
and value to our engineering students. 
This activity, too, would provide a long 
step forward in bridging over the gap 
between our basic educational activities 
and the progress currently being realized 
in our modern industrial engineering and 
research activities. Perhaps you have 
such an activity here and in other schools 
throughout the country; if so, I am sure 
you would confirm my conviction that such 
a program can be made of vital import- 
ance in our educational problem in this 
age of rapid change and development. 

A few years ago, the maximum power 
used in an airplane engine was about 
450 hp. Today, when we discuss our 
products and future plans, plans which 
must become an actuality within a few 
years, horsepower figures per individual 
plane are nonchalantly discussed at 35,000 
to 50,000 hp. Most of the men doing this 
work are in their early 30’s. Following 
our discussions of the product, we usually 
go out to see one of these new engines in 
operation. The buildings over your head 
and the ground under your feet shakes 
and your stomach feels like it is taking off. 
You look around at the young engineer 
who unleashed all of this tremendous 
horsepower to see if he is impressed as 
you are. He is totally unconcerned; and 
the thought always goes through my head, 
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fe “Father, forgive them; for they know not which lies ahead. Industry, too, has a 
Is. what they do.” responsibility and a very important stake 
d, A few days ago a group of us visited in this educational job. 

vy the new Du Pont Research Laboratories. In our position of world leadership, it 
st One after another, young men, most of is difficult for us to know how well we are 
‘e" ' them in their late 20’s or early 30’s, de- faring in the area of politieal activity, 
al scribed their individual projects and ac- but I believe we can all agree that with 
id f tivities. It was an amazing experience to this eombination of our world lead rship 
Ww : see the things which were being done and and the political maneuvering which ex 
“y rire - their confident expectations for ists, no time ean be lost in assuring the 
d salieri most effective results from the graduates 
n, Conclusion of our technical schools, in the shortest 
a- I might sum up my remarks by empha- possible time. Industry and our tech 
ir sizing that in these days of phenominal nical schools have a joint responsibility 
as change, we cannot expect the universities and if they will each cooperatively do 
v, through their faculties and text-books to their part, supported by the intellectual 
n assume the entire responsibility for fully freedom, that exists in this country, we 
st equipping our youngsters for the job should have no fears for the future. 

S. 

g 

P Sanitary Engineering Conference 

4 anitary nginecring onrerence 


A two-day conference on Sanitary Engineering Education sponsored by Con 
mittee 3 of, the ASEE Civil Engineering Division, with the cooperation of the 


- U. 8S. Public Health Service and the American Public Health Association, will 
s be held at Dartmouth starting Saturday, June 21. The program of the con 
e ference is as follows: 

h Saturday, June 21 

F 1:00 p.m. Radiological Training 

Ss 


Field Training 


Training Sanitary Engineers (panel discussion 


1:45 
3:1 


) 


r Sunday, June 22 

t 9:30 am. What is the Present Day Field of Sanitary Engineering? 
r 10:30 Minimum Requirements for Sanitary Engineers 

h 1:30 p.m. Sanitary Engineering in the Smaller College 

v 2:30 Graduate Program 

] 4:00 Adjournment 

) 


Monday, June 23 Committee Reports 


s Arrangements for the conference are in charge of the following special eon 
y mittee: 
Gilbert Dunstan, Chairman 
‘ Jess C. Dietz, Co-chairman 
1 Arthur P. Miller 
Ellis S. Tisdale 
; Earnest Boyce 
- E. S. Brown 
r William T. Ingram 
: E. J. Kilecawley 
3 This committee is working in cooperation with Committee Reservations for 
| the conference should be made with Professor E. S. Brown of the Thayer School 


of Engineering, Dartmouth College, Hanover, New Hampshire. 








A Joint Attack on the Mathematics 
Entrance-Requirements Problem 


By L. A. ROSE 


Director of Engineering Information and Publications, University of Illinois 


What is the biggest problem that 
plagues curriculum-makers? Manifestly 
the answer varies from one engineering 
college to another. But it’s a safe bet 
that high on the list of “headaches” would 
be these three: What shall be the first 
required college course in mathematics? 
How much mathematical training can we 
expect of high school graduates? What 
guidance and help can we give to high 
schools so that we may receive students 
who have the preparation they need? 

These are old problems everywhere, and 
everywhere they have become more press- 
ing in the past few years. What we are 
doing at Illinois in an attempt to solve 
them will, we trust, prove interesting and 
indeed applicable beyond the borders of 
our own state. 


Our Approach to the Problem 


Three years ago we opened a broad 
attack on the problem. We began with 
the all-too-obvious fact that the engineer- 
ing curriculum is badly crowded. In four 
years we can searcely give students the 
fundamentals which they must have. 
Moreover, we must provide enough 
courses in the humanistic and social fields 
to encourage our students to become well- 
rounded individuals and effective citizens. 
Our problem, we felt, is to assure the 
fullest possible use of the time available 
for engineering courses without making 
our curricula narrow. 

Now this brought us straight to the 
problem of mathematics requirements. In 
a sequential program such as engineering, 


a good deal of mathematics is needed as a 
prerequisite for physics, which in turn is 
the basis for most of the engineering 
courses. These truisms led us to experi- 
ment with requiring that the student take 
physies and certain engineering courses 
concurrently. The arrangement did not 
work. The only conclusion we could come 
to was that students expecting to graduate 
in four years should be ready for anal- 
ytie geometry upon their admission to 
the College of Engineering. 


The Solutions We Are Attempting 


The conventional way to secure this aim 
is to require that students should present, 
for admission to the College, 2 units of 
high school algebra, 1 unit of plane 
geometry, 4% unit of solid geometry, and 
14, unit of trigonometry. And we adopted 
this as one method, to go into effect in 
September 1953. 

3ut we were unwilling to stop with such 
a solution. It was too rigid. It stressed 
means—academie machinery—rather than 
ends—skills and competencies. It would 
bear hard on students in smaller high 
schools. It would bear hard likewise on 
students in large high schools who may 
not choose an engineering career soon 
enough to take more than three years of 
high school mathematies. 

' The single-track solution would also be 
unfair to such high schools as are or will 
be experimenting with nonconventional 
division of the subject-matter of math- 
ematics or with new teaching methods. 
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We did not want to hamstring those 
pioneers. 

Consequently we carried our thinking 
further. In doing so we were guided by 
the Steelman report and other fairly 
recent national studies. We were also 
guided by a Bulletin of the Illinois State 
Department of Publie Instruction, “New 
College Admission Requirements Recom- 
mended: A Proposal for Cooperative Ac- 
tion by the Secondary Schools and Col- 
leges in Illinois” (No. 9, Cireular Series 
A). We were encouraged and stimulated 
by the following passage in that publica- 
tion: 


For specialized curricula, which begin in 
the freshman year in a college like engineer- 
ing, certain specified competencies on the 
part of high school graduates may be re- 
quired, such as competence in mathematics 
for engineering. For such cases the adop- 
tion of the following is recommended: 
“*Secondary schools are urged to provide 
means for high school students to acquire 
prior to graduation the competencies de- 
manded for.sueeessful work in specialized 
programs in institutions of higher learning, 
such competencies to be determined on the 
basis of standardized tests rather than on 
the basis of passing specified courses.’’ 


It’s time to identify more fully this 
“we” T’ve been speaking of. “We” were 
not only the College of Engineering but 
also the College of Education and the De- 
partment of Mathematics. The three 
agencies worked through a joint com- 
mittee which gathered data and views 
from many sourees. These included not 
only the pertinent literature but a num- 
ber of cooperating high school teachers 
whose aid was most valuable. 

One of the biggest things the joint com- 
mittee did was in part to anticipate and 
in part to follow up the recommendations 
in the Bulletin of the State Department of 
Publie Instruction. Specifically, the com- 
mittee prepared a list of the minimum 
mathematical needs of prospective stu- 
dents in the College of Engineering. This 
list comprises 97 topics in secondary 
mathematics, an understanding of which 
will enable the student to begin his col- 


lege mathematics training with analytic 
geometry. The topics run from funda- 
mental operations with integers, common 
fractions, decimals, and mixed numbers 
through trigonometric funetions of an 
acute angle to addition and subtraction 
of vectors by components. 

Thirty of the topies, which were iden- 
tified by asterisks, are those normally 
studied in advanced (college) algebra and 
trigonometry. Students who have an un- 
derstanding of all topics except those 
thirty will begin with college algebra 
and trigonometry as their first mathemat- 
ics courses at the University These stu- 
dents will probably require an additional 
semester—that is, a total of four and a 
half years—to complete any one of our 
engineering curricula. 

The committee drew up an additional 
list of thirteen topics recommended for 
study when time is available or by second- 
ary school pupils of high ability. This 
list ineludes probability; the inverse, con- 
verse, and contra-positive of a statement; 
line values of trigonometric functions; 
and De Moivre’s theorem. 

The lists comprise about one-fifth of the 
material in a brief bulletin issued in 
October 1951. Its title is “Mathematical 
Needs of Prospective Students at the Col- 
lege of Engineering of the University of 
Illinois.” More than 7000 copies of this 
publication have gone out to American high 
schools, and additional copies to engineer- 
ing edueators throughout the United 
States. Dean William L. Everitt and 
other administrators have orally set forth 
the gist of Mathematical Needs before 
groups of high school teachers. 

To make the point still clearer, “Math- 
ematical Needs” and our speakers offer 
rather detailed suggestions on counseling 
to high school classroom teachers and to 
high school advisors, many of whom know 
relatively little about the whats and whys 
of engineering-college entrance require- 
ments and courses. 


Ways of Meeting Our New Requirements 


On recommendation of the joint com- 
mittee, we went further yet. We specified 
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three ways other than by offering four 
units of high school mathematies in which 
students may fulfil the entrance require- 
ments that will go into effect next year. 
These three ways (four ways, some people 
prefer to call them) are as follows: 


1. By passing (a) a general proficiency 
examination in mathematics that covers 
the “indispensable skills’—the 97 topies 

-listed in Mathematical Needs or (b) 
proficiency examinations in the individual 
subjects which after September 1, 1953, 
will constitute the mathematics entrance 
requirements, 

2. By passing correspondence courses. 
The University of Illinois Extension Divi- 
sion is offering, to students who have had 
1 unit of algebra and 1 unit of plane 
geometry, the other mathematics courses 
needed for admission to the College of 
Engineering. Naturally, successful com- 
pletion of correspondence courses offered 
by other accredited colleges and univer- 
sities is equally acceptable. 

3. By passing, at the University of II- 
linois, mathematies courses in which they 
are deficient. These may be taken in the 
summer session prior to the first full 
freshman semester. Some students may 
have to take an extra semester rather than 
merely the summer session; only a small 
percentage, we anticipate, will require an 
extra year. 


We believe that—assuming proper 
guidance, aptitude, and ambition—the new 
admission requirements do not present un- 
due difficulties for any high school student 
who wishes to be admitted to the College 
of Engineering of the University of Il- 
linois. Although the new requirements 


call on some high schools to include more 
material in their mathematics courses, we 
believe that they permit and indeed en- 


courage latitude in planning the high 
school mathematies program. High school 
teachers and officials have commended our 
cooperative approach to the problem, our 
concern for their difficulties as well as our 
own, and the variety of ways in which our 
new mathematics requirements can be met. 


What Remains to be Done 


But beliefs must be supported and 
praise lived up to. So we are developing 
the use of Mathematical Needs by co- 
operating in two additional joint eommit- 
tees with the College of Education and the 
Department of Mathematics. One com- 
mittee is advisory to the experimental pro- 
gram in our University High School, in- 
corporating these studies into an operat- 
ing high school program. The other 
committee is studying the proficiency ex- 
aminations which will be given to fresh- 
men on entrance. We shall probably be 
issuing bulletins on the results of these 
studies. 

In addition, we have been asking our 
fellow engineering educators to comment 
on our analysis of the problem, our ap- 
proach to it, and our proposed solutions. 
This article itself is in part, then, an in- 
vitation to all interested readers of the 
Journal. We want your criticisms of 
what we have been trying to do. Copies 
of Mathematical Needs are still available, 
though in no large numbers. If you 
would like to read it and give us your 
reactions, we shall be glad to have them. 
The greater the exchange of information 
and views about this important curricular 
problem, the greater is the likelihood that 
we shall arrive at solutions which will best 
help the student to adjust to our own 
various situations and those of the second- 
ary schools. 
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Report of The Student-Faculty Evaluation 
Committee 


Introduction 
The first report of the Student-Faculty 
Evaluation Committee was presented at 
the Annual Meeting of the ASEF, Seattle, 
Washington, June 22, 1950. It 
quently was published in the October 1950 
issue of the 


subse 
Journal of Engineering 
Education. 

Included in that report were a sum 
mary of the work of student-faculty 
evaluation programs up to that time and 
a discussion of the duties and responsibil- 
ities of students and teachers. The opin- 
ion was expressed that evaluation of 
faculty by students will probably continue 
in many schools. Further study of meth- 
ods was recommended, with formulation 
of a suggested program for such evalua- 
tions. 


The Need for Evaluation 


It was stated in the 1950 report that 
the Student-Faculty Evaluation programs 
are not directed against any specifie group 
of teachers. Rather, they are against the 
supposed general, unrecognized faults of 
most teachers. They indicate discontent 
on the part of many members of the 
student body; they indicate doubt as to 
whether the time, energy and money of the 
student is yielding him the return that he 
has the right to expect. 
development of evaluation programs in 


The widespread 


schools all over the nation probably con- 
stitutes a serious indictment of our col- 
legiate education. Such an indictment 
cannot be shrugged off; it calls for careful 
study of the underlying causes of the 
discontent of which the programs are one 
manifestation. 

Careful study of answers obtained in 
the evaulation programs shows that the 


principal offenses and shortcomings of 


which the teachers are accused are: 
Lack of knowledge of subject; 
Lack of fairness in grading; 
Lack of interest in the student; 
Ete. 
Which of 


causes of discontent and which are only 


these are the fundamental 


symptoms? Your committee believes that, 
while individual teachers fail in fairness, 
in knowledge of their subject, in logical 
presentation, or in interest in the subject, 
the fundamental failures are not in these 
matters, but in the field of human rela 
tions. 


Student-Teacher Re lationships 


The relation between the student and 
the teacher in the classroom is not a simple 
one. The student has no clear over-all 
picture of what each course should be; he 
has to take it for granted that the work 
assigned for each day is necessary. Still 
the student is basically the employer of 
Unlike most employers, how 
ever, he lacks effective means of express- 


the teacher. 


ing his dissatisfaction with the service he 
is rendered. 

The ideal classroom situation is one of 
give-and-take, wherein the student is free 
to question any statement and to express 
his opinions with complete confidence that 
his grade will not suffer because of such 
Under this condition the stu 
dents, being altogether human and some 
what 
themselves in untenable positions, as all 


expression. 


immature, will frequently place 
of us now and then do, but that is an 
inevitable part of the seasoning that 
makes the person mature. Each slip of 
this kind is an opportunity for the teacher 
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to help his students to orient themselves 
personally and professionally. To waste 
these opportunities—to criticise the stu- 
dent who thinks erroneously, instead of 
helping him to correct himself—is to dis- 
courage and antagonize those who most 
merit help. 

The autocrat of the classroom is a fre- 
quent object of complaint. Even if his 
teaching is technically excellent he still 
falls far short of his goal, for his auto- 
cratie attitude, his failure to permit stu- 
dents to function as thinking individuals, 
thwarts their development, no matter how 
sound may be the material that he pre- 
sents. If he is autocratic because of the 
fear that the student may show up his 
incompetence, the student’s situation is 
indeed sad. He has a valid cause for 
complaint, but dares not speak up be- 
cause he feels that to do so will likely 
lower his grade. 

The student-teacher relationship may be 
compared with that of the baseball player 
and his manager, or the automobile driver 
and the traffic cop. Human nature being 
what it is, there will inevitably be some 
teachers who, from their “superior” posi- 
tion, fail to accord to their “inferiors” the 
respect due a fellow human. The “supe- 
rior” attitude will inevitably antagonize 
the students, setting up a block to the 
completely free play of ideas which is so 
essential to good teaching. 

If practically all teachers were gen- 
uinely interested in the welfare of the 
students—if the teachers felt that the stu- 
dents were not entirely to blame if they 
learned little—if the teachers accorded the 
students due respect at all times and 
especially when they correct them, the 
Student-Faculty evaluations would never 
have started, regardless of how ineffec- 
tive the teaching techniques were. The 
poor student seldom knows when the 
teaching is ineffective although he may 
think he does. The good student may 
recognize ineffective teaching, but he has 
enough self reliance that he does not mind. 
Virtually all students recognize and ap- 


preciate those teachers who are interested 
in their welfare; and they will forgive 
most teaching errors if the human interest 
is strong. 


Proposed Evaluation Procedure 


Your committee believes that some of 
the student-faculty evaluation programs 
that have been used in recent years are 
negative in both intent and effect, and 
that such programs will not continue long. 
We believe, however, that the student 
should have some means of expressing his 
views regarding the teacher and _ the 
course. He believe that the best way to 
accomplish this is as follows: 


During the week prior to final examina- 
tions the student be handed a sheet of 
paper and an envelope. At the top of the 
sheet should be printed something like the 
following : 


To the student: 

Your teacher would appreciate having 
any comments you may wish to make 
regarding this course and his method 
of teaching. He particularly would 
like to know what you think could have 
been done that would have helped you 
to learn more. 
After you have written your comments, 
place this sheet in the attached envelope 
and seal it. Write the teacher’s name 
and the course number on the envelope 
and drop the envelope in the box pro- 
vided in the department office. Your 
teacher will not pick up the envelopes 
until after the final grades are turned 
in to the registrar. These sheets will 
not be seen by the department head, 
but will be a great help to your teacher. 
Check one: 

(a)—This course is an elec- 

tive 
(b)—This course is required 
in my program 


Your committee believes that comment 
regarding teaching is strictly a matter be- 
tween the student and the teacher. If the 
department head or dean would like to 
know what the students think of the teach- 
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ers, another method should be used. The 
best method for this purpose depends 
upon the size of the school and the per- 
sonalities involved. The department head 
who keeps in touch with his students and 
staff has no need of any artificial mecha- 
nism to tell him which teacher is doing 
a poor job, which one is technically pro- 
ficient but is falling down in the realm 
of human relations, which one is outstand- 
ingly good. 

Students should never be asked to vote 
for the one best teacher in the department. 
This method is wrong in more ways than 
there is room to list. However, it might 
be desirable times during the 
semester, to pass out class ecards for grad- 
ing the teachers. On eards the 
students write a letter grade, ie. A B C 
D E for the teachers just as the teachers 
do for the students. 


several 


these 


* * 


47 


Conclusions 
(1) Present methods, that is, methods 
involving check-sheet questionnaires tor 
the evaluation of teachers by students are 
not suitable for a 
semester” program. (2) 


permanent 
Students should 


“every 
be asked for their written comments. (3) 
The formal student-teacher evaluation 
should be kept 


tween the students and the 


a confidential matter be 


} 


en a ’ 
individual 


teachers. 


Harry W. Case 

HERMAN BLICKENSDERFER 

Baru H. FLAtTH 

Epwin H. Gaytorp 

Pierre M. HONNELL 

W. B. SHEPPERD 

Paun K. Hupson, Chairman 
Student-Faculty Evaluation Committee 
Frep H. PumpHrey, Chairman 
Edueational Methods Division 


Electrical Engineering Summer School 


The Electrical Engineering Division will hold a Summer School at Dart- 


mouth College on June 20 and 21, 1952. 
Teaching of Electrical Circuits and Fields.” 


The theme will be “Undergraduate 
Registration will be $1.50. 


For further details address Dr. J. C. Ryder, Electrical Engineering Depart- 
ment, University of Illinois, Urbana, Illinois. 
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The Squeeze Is On 


sy J. GERARDI 


Assistant Dean of Engineering, University of Detroit 


Industrialists and professional engi- 
neers like to face facts. Engineering 


educators are no exception; however, a 
doubt may be expressed at the willingness 
of either group to be realistic at times. 
Realism seems to be evaded and too often 
statements of facts are taken lightly when 
new courses are added to a curriculum and 
engineering drawing courses are all but 
eliminated. 

Talk to a group of industrialists or engi- 
neers; as soon as they learn of your as- 
sociation with an engineering college, in- 
variably the discussion will follow one of 
two paths. If the discussion concerns the 
profession, our industrial friends will tend 
to minimize specialization and concentrate 
their efforts on trying to persuade the 
educator to‘ broaden the curriculum, em- 
phasizing the fundamentals of design, and 
urging the educators to include a well- 
rounded program of studies in the field 
of Humanities. The objective, of course, 
is to produce men who are: not only 
trained in a vocational sense, but men 
who have an intelligent understanding of 
the problems related to civic, social, and 
community life. This point is not argued. 
Industrialists as well as engineering edu- 
cators are demanding that much more 
time be devoted to the development of the 
whole man. The need for training in the 
humanities has been recognized, and to- 
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day a minimum of 20% of the student’s 
curriculum is in this field. This is as it 
should be. 

The changes to accommodate this new 
requirement did not happen over night. 
During the period of transition, courses in 
the humanities were offered in place of 
many technical frills. Educators revised 
and revised their syllabi and in all prob- 
ability, were amazed to learn that the 
student still had time to master engineer- 
ing fundamentals. It is a great source 
of satisfaction to know that their graduate 
can discuss matters pertaining to philos- 
ophy, literature, political science, ete. in 
a rational manner. Industry also has 
made it known that the graduate is a more 
versatile individual and that the numbers 
of engineers in sales, management, per- 
sonnel, and executive positions are in- 
creasing at a magnificent rate. 


Saturation Point 


However, since both the sciences and 
the arts are fields which constantly develop 
and expand, a saturation point has been 
reached. Technical subjects which had 
been cut to the bone must be expanded 
because of new developments which in 
themselves are highly fundamental; hence, 
directors of degree-granting departments 
can no longer be expected to reduce the 


EpucaTION, APRIL, 1952 





retreat, ine? sac Nog the bE EDL e See 














eee 


re, Sine Facies nate ns 


T-SQUARE PAGE 410 


amount of time devoted to technical 
studies. 

No professional engineering drawing 
teacher in his right mind would oppose a 
reasonable concentration of course con- 
tent or a reasonable reduction in the time 
element necessary to teach drawing if as 
a result of his contribution, the status of 
the engineering graduate is improved. 
But it was never intended to eliminate 
drawing courses from the engineering cur- 
ricula. Certainly no one could classify 
these courses as frills, nor is it conceivable 
that in the near future an electronie de- 
vice will be produced which will reeord 
the ideas in the minds of engineers and 
transmit them to other people. Moreover, 
the Engineering Council for Professional 
Development has not even implied that 
drawing is to become a requirement for 
admission to an engineering school. Yet, 
a few well-known colleges in this country 
have eliminated drawing from their cur- 
ricula and several schools now require 
their students te-take only one course in 
technical sketching. 


Employe r. View point 

But let’s talk to the men who employ 
engineering graduates. Here the conver- 
sation takes on a different aspect. The 
chief engineer or chief draftsman is proud 
of the fact that graduates are the finest 
men (in every sense of the word) he has 
ever employed. Their knowledge of math- 
ematies, theory of stresses, history, eco- 
nomies, ete. are much more improved over 


that of the graduate of fifteen years ago; 
but they ask, “Who gave the graduate the 
idea that he would have several drafts- 
men at his call? Even if a graduate has 
draftsmen working for him, what respeet 
can the draftsmen have for the graduate, 
or the school from which he graduated, if 
the young engineer does not know how to 
prepare a preliminary design drawing 
from which the draftsman ean proceed 
with layouts and detail drawings?” 

Hence, those responsible for teaching 
drawing courses find themselves caught be 
tween the “Devil and the deep blue sea.” 
Pressure from educators and industrialists 
demanding men, who in addition to their 
technical training, are prepared to assume 
leadership in the field of human relations 
as well as the responsibilities which are 
imposed on professional people in a com- 
plex society. from the im 
mediate supervisor of the neophyte who 
is more interested in meeting production 
schedules than in the “development of the 
whole man.” 

But let’s be realistic. The issue is 
whether or not Engineering Drawing is es- 
sential to an engineer’s education. Either 
it is or it is not. If so, then it deserves 
sufficient time and qualified personnel to 
do a good job of teaching the true funda- 
mentals of drawing; if not, then let us 


>? 


Pressure 


eliminate drawing courses from the ecur- 
ricula, rather than give such meager 
courses which at best result in embarrass- 
ment for the young engineer and loss ot 
prestige for the institution from which he 
graduated. 
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Candid Comments 


Statement of Carey H. Brown, Chairman, Engineering 
Manpower Commission of Engineers’ Joint Council, 
Before the Committee on Armed Services, U.S. Senate 
on February 11, 1952 in Connection with S-2441 


The following statement, of interest to members of ASEE, was made by Mr. Carey H. 
Brown, Chairman, Engineering Manpower Commission of the Engineers’ Joint Council, 
before the Committee on Armed Services, U. 8. Senate on February 11, 1952 in connection 


with Bill S-2441. 


The interest of the Engineering Man- 
power Commission is in the training, al- 
location, and utilization of engineers to 
insure their maximum contribution to the 
national defense and to the national 
health, safety, and interest. 

The Engineering Manpower Commission 
recognizes that in an all-out war there will 
be no Zone of the Interior and that 
civilians will be subjected to many if not 
all of the hazards to which members of the 
armed forces are subjected. 

The Engineering Manpower Commis- 
sion therefore emphasizes the principle 
that there is a universal obligation upon 
every man and woman for appropriate 
service of which each is capable in main- 
taining the security of the United States. 

It is further recognized that as a people 
we have less manpower than our poten- 
tial enemies and that it is therefore of 
fundamental importance that each person 
be utilized at his highest capability. In 
view of the wide range of talent and train- 
ing necessary to adequately staff our 
civilian economy, military operations, and 
production, the wisest system of selection 
is necessary. 

It is further recognized that mainte- 
nance of a sound economy and of the 
required production of weapons are both 
essential if the man at the front is to be 


effective, and that these are part of an 
inseparable whole in maintaining the 
security of our Nation. 

In connection with current proposals 
for the activation of universal military 
training, it is imperative that the above 
principle be applied. 

The Engineering Manpower Commis- 
sion favors Universal Military Training, 
observing, however, that the provisions of 
P.L. 51, §.2441 and H.R. 5426 do not 
adequately make provision for maximum 
utilization of those who complete their 
training and enter reserve status. 

It is therefore important that the fol- 
lowing pertinent principles be established 
now and incorporated in 8. 2441: 


(a) Upon completion of their six 
months training under UMT, the recall 
to active duty from reserve status of the 
required number of professional and 
scientific students should be held in abey- 
ance until completion of their professional 
study or until they cease to satisfactorily 
pursue such study. Speaking only for the 
engineering profession, there is a current 
requirement for 60,000 freshmen each 
year in all branches of engineering to meet 
the need for engineers in the armed forces, 
in design, development, and production of 
military equipment, and in the civilian 
economy. 
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CANDID COMMENTS 


As a suitable method of accomplishing 
the above, we suggest the following 
amendment : 


‘*Amend existing paragraph (3) subsec- 
tion (D) section 4 of the Universal Military 
Training and Service Act, as amended (P.L. 
51—82nd Congress) by inserting at the end 
thereof the following: ‘Provided, however, 
that any person who is satisfactorily pursu- 
ing a full-time engineering or scientific 
course of instruction at a college, university, 
or similar institution of learning shall have 
his recall to active duty delayed (a) until 
the time of his graduation therefrom, or 
(b) until he ceases satisfactorily to pursue 
such course of instruction, whichever is 
earlier. 

** «Provided, further, that the total period 
of liability for training and service of a 
person so delayed shall be extended by the 
period of such delay.’ ’’ 


(b) Since the principle of selection 
must be applied in connection with the 
recall of reservists to active duty to assure 
the proper allocation of critical skills be- 
tween the civilan economy and the armed 
forces, reservists should be called to active 
duty only by a civilian agency such as 
Selective Service, and not by the Armed 
Forces. 
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The civilian ageney of Selective Service 
has functioned in the past to make selee- 
tions for military service and for the 
necessary economy; such selections being 
upon considerations of meeting 
military requirements and at the same 
time preserving essential production facil- 
ities. Selective Service can readily be 
adapted to carry out the selections ad- 
voeated above, so that appropriate de- 
terminations can be made to promote the 
best utilization in the national interest of 
professional and scientifie personnel now 
in short supply. 

As a suitable method of accomplishing 
this, we suggest the following amendment: 


based 


‘*Whenever it becomes necessary to recall 
reservists to extended active duty involun- 
tarily, such individuals shall be recalled by 
the Selective Service System under uniform 
regulations to be prescribed by the President 
and all provisions of the Universal Military 
Training and Service Act, as amended, con 
cerning classification shall be applicable to 
the recall or delay in recall of such in 
dividuals by the Selective Service System.’’ 


I would like to thank the chairman and 
the members of the Committee for the 
opportunity to appear in connection with 
the hearings on S—2441. 








TIMELY TIPS 


The Direct Approach to Deflections and 
Intermediancies in Bending 
By RALPH H. UPSON 


Professor of Aeronautical Engineering, University of Minnesota 


(Papers submitted for Time.ty Tips should not exceed 3 pages of typewritten double-spaced 
material, including any mathematical formulas, and should contain not more than 2 illustra- 
tions.) 


In his “Timely Tips” article in the moment of the beam, the section moment 


October issue, Professor Jackson per- of inertia, and the modulus of elasticity 
formed a much needed service in pointing of the material. The vertical deflection 
out the need for a return to basic prin- — which this angular change causes at some 


ciples in the undergraduate teaching of other point 3, a distance of Azz is: 
beam deflections. Fancy methods and 

specialized shortcuts may be great fun for dyp = Azpdé = Arpdx z AraMdx (1) 
the teacher and are often justified for R EI 


engineering specialists, but have no place a a i he trod 
‘ : * . .P {ve » > 2 
in an undergraduate curriculum. In ur further development of the methoc 


this fast growing field of constantly in- proceeds directly from the integration of 
creasing complexity, we must occasion- angular increments d@ and deflection ad 
ally review the content of our courses, crements dy. For example, Fig. 2 shows 
discard the gingerbread, and go back to ® Portion AB of a deflected beam—no 
basic elements, the real staff of engineer- ™tter where taken, how loaded or sup- 
ing life. ported. The difference in angle (as- 

Although in the right direction, it is sumed small) between the tangents at 


felt that Professor Jackson does not g6» Points A and B is given by 





far enough in the simplification or gen- A 
eralization of his subject. For some 645 = f dé (2) 
B 


years we have used in aircraft structural 
courses at the University of Minnesota a 
method that we call the Direct Approach, 
along lines closely analogous to Professor 
Jackson’s, but which is still more ele 

mentary and universal in its application. 5 A 
yea = f Axpdé. 

B 


The deflection or vertical offset of point 
B relative to the tangent at A is similarly 
given by the integration: 


Emphasis is particularly put on the (3) 
angular deflection of an_ infinitesimal 

beam element which haar the = of Relative to the chord line A B, the actual 
the entire procedure. Such an element angle of the tangent at A is obviously 
is shown in Fig. 1 (corresponding to 


Professor Jackson’s Fig. 2). YBA i 1 A a 
Referring to Fig. 1, it will be noted ia eal z pag. (4) 


that the change in angle d@ at the oppo- 
site ends of the increment dz is the usual Knowledge of the latter as a starting 
direct function of the local bending point now permits integration of the 
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angular change and linear deflection at 
any other desired point, by exactly the 
same method as already illustrated in 
the case of point B. It is apparent that 
such integration need not necessarily be 
mathematical, but may alternatively be 
performed graphically, equivalent to the 
moment-area method. 


a 











= jee 


Fic, 


l. 


For statically indeterminate condi- 
tions, exactly the same principles apply, 
it bein, only necessary to supplement the 
conditions of static balance by equations 
expressing the deflection conditions, to 
provide a solution. For example, a 
cantilever beam, with a simple support 
in addition, the condition 


ol a 


gives 





x 
AB 


~- 
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known angle at the fixed support and a 
known position at the simple support. 
For a continuous beam with multiple 
simple supports, the supplementary con- 
dition is that the deflection angle is the 
same immediately to each side of any 
one support. 

Essentially the same method can be 
extended to the solution of slender curved 
beams and closed frames, the condition 
for the latter being that an integration 
all the way around gives zero angular 
change and zero linear deflection. The 
deflection in the general case is handled 
in components in any two convenient 
mutually perpendicular directions, the x 





THE APPROACH TO DEFLECTIONS AND INTERMEDIANCIES 


movement being controlled by the y arm 
and vice versa, exactly as in the beam 
case already given. A convenient aid in 
visualizing the case of an initially curved 
member is to think of each infinitesimal 
element of length ds as initially straight. 

It is admitted that this approach does 
not provide a ready-made formula or 
method, convenient to pick up and use 
for a specific purpose, such as the 
three-moment equation or the unit-load 
method, but it is far more adaptable and 
should provide a more understanding 
grasp of whatever specialized methods 
the student may later choose to use. 


English Division Summer School 


Theme: Orienting the New English Teacher in the Engineering School. 


Session I, June 20, 9:00 A.M. 
neering School. 


Topic: The English Teacher in the Engi- 


Session II, June 20, 2:00 P.M. Topic: Has Freshman Composition Failed? 


Session III, June 21, 9:00. A.M. 


Topic: Standards of Correctness: 


Pre- 


scriptive vs. Descriptive Grammar. 


Session IV, June 21, 2:00 P.M. 
College English. 


Topic: Articulation of High-School and 


Session V, June 22, 2:00 P.M. Topic: What Literature to Teach and How 
to Teach It. 
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Section 


Allegheny 


Tllinois-Indiana 


Kansas-Nebraska 


Michigan 


Middle Atlantie 


Missouri 


Section Meetings 


Location of Meeting 


Pennsylvania State 


College 


University of 


Illinois 
University of 
Nebraska 
University of 

Detroit 


Villanova College 


University of 
Arkansas 


National Capital Area Howard University 
George Washington 


New England 


North Midwest 


*Ohio 


Pacifie Northwest 


Pacifie Southwest 


Rocky Mountain 


Southeastern 


Southwestern 


Upper New York 


University 


Worcester Polytechnic 


Institute 


Iowa State College 


Ohio State 
University 


University of 


Washington 


California State Poly- 


technie College 


University of 
Wyoming 


Clemson College 


University of 
Houston 


Alfred University 


Dates 
April 18-19, 
1952 
May 17, 1952 
Nov. 16-17, 
1951 


May 10, 1952 

May 10, 1952 

April 5, 1952 

February 5, 
1952 


Oct. 18, 1952 


Oct. 3-4, 1952 


April 25-26, 
1952 


Dee. 29-30, 
1952 


April 19, 1952 
April 10, 11, 
12, 1952 


April 25 & 26, 
1952 


October 10-11, 
1952 


Chairman of Section 
E. B. Stavely, 
Pennsylvania State 
College 
D. G. Ryan, 
University of Illinois 
Kenneth Rose, 
University of Kansas 
W. P. Godfrey, 
University of Detroit 
S. J. Tracy, Jr., 
City College of 
New York 
R. Z. Williams, 
Missouri School of 
Mines 
W. Oncken, Jr., 
Bureau of Ordnance 


E. T. Donovan, 

University of New 
Hampshire 

S. J. Chamberlin, 

Iowa State College 

W. F. Brown, 

University of Toledo 

T. H. Campbell, 

University of 
Washington 

S. F. Duncan, 

University of South- 
ern California 

E. J. Lindahl, 

University of 
Wyoming 

R. L. Sumwalt, 

University of 
South Carolina 

H. P. Adams, 

Oklahoma A. & M. 
College 

R. M. Campbell, 

Alfred University 


Members of the Society are welcome at all Section Meetings 


* No Date Set. 
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New Members 


BIRNIE, CLOTWORTHY, JR., Instructor in Me- 
chanical Engineering, Pennsylvania State 
College, State College, Pa. E. P. Nye, 
N. R. Sparks. 

BOWDEN, FREDERICK W., Instructor and 
Head, Department of Electrical Engineer- 
ing, California State Polytechnie College, 
San Luis Obispo, Calif. C. E. Knott, N. 
Sharpe. 

BRYANT, JOHN, President, The Pitman Pub- 
lishing Corporation, 2 West 45th Street, 
New York 36, N. Y. A. B. Bronwell, 8. C. 
Hollister. 

CANJAR, LAWRENCE N., Assistant Professor 
of Chemical Engineering, Carnegie In- 
stitute of Technology, Pittsburgh, Pa. J. 
W. Graham, Jr., C. C. Monrad. 

CASPARY, GERALD J., Assistant Professor of 
Civil Engineering, Michigan College of 
M. & T., Houghton, Mich. E. P. Wieden- 
hoefer, W. C. Polkinghorne. 

Coomsps, LESLIE B., President, Bradford 
Durfee Technical Institute, Fall River, 
Mass. R. B. Finch, G. N. Reed. 

DiIL10, CHARLES C., Associate Professor of 
Mechanical Engineering, Pennsylvania 
State College, State College, Pa. N. R. 
Sparks, E. E. Ambrosius. 

FAIGENBAUM, HAROLD M., Professor of In- 
organie Chemistry, Rensselaer Polytechnic 
Institute, Troy, N. Y. A. A. K. Booth, 
P. E. Hemke. 

FERNANDES, JOHN H., Instructor in Mechan- 
ical Engineering, Lafayette College, Eas- 
ton, Pa. T. R. Blakeslee, K. D. Larsen. 

Fox, RicHarp B., Associate Professor of 
Architectural Engineering, Pennsylvania 
State College, State College, Pa. B. A. 
Whisler, L. Perez. 

FUHRIMAN, DEAN K., Associate Professor of 
Civil Engineering, Colorado A. & M. Col- 
lege, Fort Collins, Colo. H. H. Schweizer, 
H. W. Collins. 

FuKupa, Takeo, Professor of Civil Engi- 
neering, Institute of Industrial Science, 
University of Tokyo, Chiba City, Japan. 
H. L. Hazen, A. B. Bronwell. 

GERING, GEoRGE K., Employment Supervisor, 
West Penu Power Company, Pittsburgh, 
Pa. A. B. Bronwell, 8. C. Hollister. 


GRAVES, WILLIAM A., Instructor in Mechan- 
ical Engineering, Colorado A. & M. Col- 
lege, Fort Collins, Colo. H. B. Mummert, 
H. H. Schweizer. 

Gupta, Sat Brat, Mechanical Engineer, Cen- 
tral Tractor Organization, New Pusa, New 
Delhi, India. P. H. Kyburz, C. C. Siger 
foos. 

HANCE, LACONLA H., Research Associate in 
Textile Engineering, Institute of Textile 
Technology, Charlottesville, Va. R. B. 
Finch, G. N. Reed. 

HOFFMAN, EUGENE F., President, Fournier 
Institute of Technology, Lemont, Ill. R. 
E. Bard, A. B. Bronwell. 

HOLDHUSEN, JAMES §&., Research Fellow, 
Civil Engineering, University of Min- 
nesota, Minneapolis, Minn. T. W. Thomas, 
G. J. Schroepfer. 

HORNUNG, WILLIAM J., Director of Training, 
National Technical Institute, 214 West 
23rd Street, New York 11, N. Y. W. J. 
Luzadder, J. E. Pasek. 

IRLAND, Max J., Associate Professor of 
Electrical Engineering, Detroit Institute 
of Technology, Detroit, Mich, L. L. 
Henry, C. C. Winn. 

JONES, RoBerT R., Instructor in Metallurgi- 
cal Engineering, Lafayette College, Eas 
ton, Pa. W. B. Plank, E. L. MeMillen. 

KESLER, CLYDE E., Assistant Professor of 
Theoretical and Applied Mechanics, Uni- 
versity of Illinois, Urbana, Ill. W. L. 
Collins, W. M. Lansford. 

KLEINSCHMIDT, ARTHUR C., Assistant Pro- 
fessor of General Engineering, Iowa State 
College, Ames, Iowa. J. P. McKean, J. 
P. Mills. 

KNIGHT, WILLIAM C., Temporary Head, Tex- 
tile Engineering, Alabama Polytechnic In 
stitute, Auburn, Ala. R. B. Finch, G. N. 
Reed. 

Li, CHENG CHING, Special Lecturer, Engi- 
neering Drawing, University of Toronto, 
Toronto, Ont., Canada, L, 8. Lauchland, 
A. Wardell. 

MacKIcHaNn, Keita B., Head, Electrical 
Engineering Dept., University of North 
Dakota, Grand Forks, N. D. E. L. Lium, 
M. H. Chetrick. 
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MINARD, GEORGE W., Associate Professor of 
Chemical! Bucknell Univer- 


D. Sims, W. D. 


Engineering, 
sity, Lewisburg, Pa. H. 
Garman, 

NEWTON, HEBOR T., Instructor in Civil Engi- 
neering, Pennsylvania State College, State 
College, Pa. B. A. Whisler, L. Perez. 

PIAN, RicHarD H. J., Assistant Professor of 
Civil Engineering, Michigan State College, 
East Lansing, Mich. L. V. Nothstine, C. 
L. Shermer. 

RADIUS, CLARENCE, Head, Electrical Engi 
neering, California State Polytechnie Col 
lege, San Luis Obispo, Calif. C. E. Knott, 
N. Sharpe. 

SauTeR, Hupert E., Engineering Librarian, 
The Library, Oregon State College, Cor- 
vallis, Ore. G. W. Gleeson, F. O. Me- 
Millan. 

SCHEIRER, RoBeRT D., Associate Professor of 
Civil Engineering, Pennsylvania State Col 
lege, State College, Pa. B. A. Whisler, 
L. Perez. 

SCHILLER, DANIEL E., Instructor in Engi- 
neering, Marquette University, Milwaukee, 
Wis. W. D. Bliss, R. L. Ritter. 

Scort, SAMUEL I, Personnel Interviewer, 
E. I. duPont de Nemours & Co., Ine., 
Wilmington, Dela. D. W. Durham, G. O. 
Andrews. 

SHAFFER, WILLIAM R., Assistant 
of Engineering Mechanics, Pennsylvania 
State College, State College, Pa. J. W. 
3reneman, L. Perez. 


Professor 


SHELDON, EveretTT IL., 
dustrial Mobilization 
USAAF, Detroit, Mich. F. L. 
F. Duggan. 

SHULITS, SAMUEL, 
Civil Engineering, Michigan g 
M. & T., Houghton, Mich. W. C. Poll 
horne, E. P. Wiedenhoefer. 

SIDEBOTTOM, OMAR M., Assistant 
of Mechanics, University of Illinois, 1 
bana, Ill. W. L. Collins, H. T. 

SLONAKER, Ropert E., Jr., 

Engineering, 
sity, Lewisburg, Pa. H. D. 
Garman. 

STARKEY, WALTER L., Assistant Professor of 
Mechanical Engineering, Ohio State Uni 
versity, Columbus, Ohio. D. J. Masson, 
S. M. Mareo. 

STINSON, WILLIAM G., Engineer 
ing Drawing, University of Toronto, To 
ronto, Ont., Canada. L. S. Lauehland, 
W. J. T. Wright. 

TANNER, DONALD L., 
gineering, Pennsylvania 
State College, Pa. B. A. Whisler, L. Perez. 

WITMER, LUTHER F., Associate Professor of 
Min. and Met. Engineering, Lafayette Col- 
lege, Easton, Pa. G. W. 
E. L. MeMillen. 

Wo.Lr, Harry K., 
Electronics and 
ifornia State 
Obispo, Calif. 


Deputy Chief, In 
Planning Section 
Partlo, C. 


Associate Professor of 
College of 


ee : 
Professor 


Carter 
Instructor in 
Bueknell Univer 


Sims, W. D 


Chemical 


Lecturer, 


Instructor in Civil En 


State College, 


Courtney, Jr., 
Associate Professor of 

Radio Engineering, Cal 
Polytechnic College, San 
N. Sharpe, C. E. Knott. 


383 new members this year 


College |Notes 


The Department of Civil Engineering at The State College of Wash- 
ington has available four positions as Research Assistant for students 
desiring to work toward the degree of Master of Science in Sanitary Engi- 
neering. These positions will involve half-time service during the academic 


year at a stipend of $1200 for the nine and one-half month period. 


Full 


time positions will be available during the summer months at a salary of 


$250 per month. 














Typical oscillograph of exploring-coil voltage, nor- 
mal excitation, full-load. 


The exploring coil is isolated from the 
armature circuit electrically, but is sub- 
ject to the same flux as the armature 
winding. Only one side of the exploring coil 
is in a conventional armature slot. The 
other side lies in a special groove in the 
armature shaft and this side of the coil is 
not in the flux path. In effect, the explor- 
ing coil gives a true indication of a single 
conductor cutting the flux of the machine. 











a complete oscillograph 


tor d-¢ machines 


Professer F. Wahler of the Polytechnic Institute 
of Brooklyn, N. Y. says: 

“The spontaneous enthusiasm shown by 
students using this exploring-coil generator 
to study armature reaction, proves that 
it is a ‘must’ for all electrical machinery 
laboratories.’’ 
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Social and Political Forces Affecting Civil 
Engineering Education* 


By N. 


A. CHRISTENSEN 


Professor and Director, School of Civil Engineering, Cornell U1 


The 
way of life in a world which is becoming 
overpopulated and stimultaneously com- 
pressed by more rapid means of com- 


American desire to preserve our 


munication is the basie cause of social and 
political stress in the United States. The 
United States is strong but the opponent 
which threatens her is the most powerful 
enemy our country has ever faced. In a 
larger sense the conflict is between demo- 
cratic and ecommunistiec ideas. The United 
States and Russja are simply the leaders 
of the opposing groups of nations. Peo- 
ples of the whole earth are trying to decide 
which is the best political system 
racy or communism. 


«<lemoe- 
Many nations have 
already chosen sides and those which have 
not are torn with internal turmoil in try- 
ing to make a decision. 

This great conflict time 
when some parts of the earth are over- 
populated magnifies the importance of the 
ultimate outcome. In many of the more 
densely populated sections it is no longer 
possible to provide adequate food, cloth- 
ing, and shelter by means of the native 
agricultural and manufacturing proced- 
ures. Such world population 
look with envy upon the abundance of 
everything enjoyed in the United States. 
If such areas can be helped toward our 
level of living, they will follow our pat- 
tern. If not, they will join hands with the 
enemy and try to pull us down. 


coming at a 


areas of 


* Presented before the Educational Policy 
Section of the Civil Engineering 
ASEE, Annual Meeting, 
College, June 1951. 


Division 


Michigan State 
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Our Task as a Nation 


What 
nation? 
than to follow our government’s proposals 


task as a 
There seems to be no other course 


then is our general 


to help other people to solve their prob 
lems but at the same time keep our na 
tion beat down 
group which wants to shape the future 
by foree of Civil 
education has an important role in 
world drama. 


strong enough to any 
engineering 
this 
30th foreign and American 
civil engineers must be trained to have the 


arms, 


breadth of social knowledge and technieal 
excellence to transfer American know-how 
engineering to 


in civil underdeveloped 


countries. This must be done in a period 
much shorter than the 150 


own industrial 


vears of our 


evolution, and without 
causing serious social and economic mal 
adjustment among the peoples of the 
earth. 

Engineering leaders are needed who are 
also good economists, others who are also 
rood sociologists, and others who are also 
Too Civil 
graduates a broad 


good statesmen. few oft our 


Engineering have 
enough foundation to support a career in 
important international relations requir 
ing extensive knowledge and training in 
these subjects. In fact not many engi 
neering schools have faculties completely 
competent to impart such an edueational 
foundation to students. 
of humanistic studies so widely accepted is 
only a start toward what is needed. 
students and staff 
should pursue graduate study and aim at 
engineering statesmanship as a goal. 


The 20 per cent 


Some 


of our best members 
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Need for Specialists 


For this world wide job of regional de- 
velopment we also need more specialists 
with great depth of knowledge in certain 
fields. Men who ean locate the mineral, 
land, and water resources, others who ean 
plan extensive transportation systems, 
others who know how to plan, build, and 
expand cities and still keep them safe 
traffic accidents and_ disease. 
Other are needed to irrigate the deserts, 
others who know about flood protection, 
others who ean wring out the last use- 


against 


less pound of dead weight from structures 
Graduate study at a university 
seems to be the most economical way to 
provide these specialists. After our grad- 
uates leave college most of them continue 
to grow but this growth in most eases is 
limited by the strength of the mathematical 
and scientifie foundation which they re- 
ceived in college. It is not so difficult for 
engineers to keep abreast in fields which 
do not require high ability in the applica- 
tion of mathematics but even in such fields 
the schools are important centers for im- 
provement and advancement at accelerated 
rates. It should also be pointed out that 
in nearly all engineering fields, advances 
soon carry us into considerations involving 
mathematics, physics, or chemistry. The 
civil engineering schools, associated with 
their respective universities, can provide 
the best environment for these urgently 
needed research advances. We have the 
long-haired scientists and also bright eager 
young men. Both are needed in our re- 
search teams. The civil engineering 
schools should push vigorously forward 
on research and graduate work in order 
to increase the number of top quality engi- 
neering scientists which our foreign pro- 
gram and national security demand. 

Our output of engineering graduates 
will be about 15,000 per year for the 
next several years and at the present rate 
about 10 per cent of these men pursue 
graduate work. When one compares this 
output to the estimated 30,000 engineers 
per year produced by Russia with a level 
of training equal to the M.S. degree, the 


and so on. 


FORCES AFFECTING CIVIL ENGINEERING EDUCATION 


need for maximum utilization of our man 
power is emphasized. If we have only 
one to every two of the enemy our tech 
niques and methods will have to be enough 
better to magnify our efforts by two. 
More research will certainly be needed in 
order to offset quantity with quality. 

So far our attention has been focused 
upon the need for engineers who can serve 
in an international capacity. The foreign 
students trained here will supply part of 
this need but some of our American-born 


graduates will also be required. By far 
the biggest demand for American-born 
graduates will be in the U. S. itself. Dur- 


ing the entire struggle between the demo- 
cratic and communistie systems for world 
leadership, the United States must remain 
so strong as to discourage conquest by 
force of arms. If such a conquest should 
be attempted we will have to be able to 
subdue the aggressor. 

The work of civil engineers provides 
the environment for the nation’s people. 
Structures, roads, factories, homes, cities, 
water supplies, sewer systems, irrigation 
projects, regulated rivers, and parks are 
some of our products. The life and com- 
fort of the people at large are in our 
hands. Our work if well will in- 
crease our national efficiency. If there 
was ever a time when national efficiency 
was needed, it is now. We are now short 
of engineers and to do our job within the 
United States we need many more grad- 


done 


uates. 
Our Duties as Administrators 


What then are our specifie duties in the 
future as administrators of civil 
engineering schools? The following are 


near 


given as suggestions for diseussion: 


1. Do all in our power to keep the flow 
of engineers coming. Do not let our extra 
efforts disrupt going school organizations. 
Trv to inerease the number of freshmen 
admitted and try to keep sufficient staff 
members to maintain schools in 
healthy condition. 

2. Take every opportunity to expand 
the training and experience of our staff. 


our 
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Civil engineering education has become 
somewhat traditional and the pace of our 
advance needs acceleration if we are to 
produce the engineering statesmen and 
engineering scientists called for by our 
times. To meet this need a substantial 
improvement in staff quality is needed. 

3. Shift our outlook from a national 
We are not 
building empires but new frontiers have 


basis to a worldwide basis. 


opened in every underdeveloped country. 
The development of deserts, jungles, and 
natural resources for a rapidly expanding 
world population has added many new 
geographical frontiers. 

!. Push forward in graduate work and 


research. Each school should survey its 


In the 


The Fourth Annual Oak Ridge Summer 
Symposium, scheduled for August 25-29, 
1952, will be sub-titled “The Role of 
Atomie Energy in Agricultural Research.” 

As contemplated, a number of sessions 
will be devoted to plant and animal studies 
with atomie energy research tools. Other 
lectures will deal specifically with Carbon 
14 studies in both plants and animals. 

The symposium is being given by the 
Oak Ridge Institute of Nuclear Studies 
and the Oak Ridge National Laboratory 
under the sponsorship of the University 
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opportunities for advanced work. Do not 
he too frightened ot false starts The 
eood old law oft supply and demand will 
eliminate such starts atter a fair trial 
We do nothing unless we risk a start 
Do not be too discouraged by a_ tew 
failures. The process of trial and error is 


f all that makes America 


at the roots 
rreat. 

5. In short, our future job is to prepare 
for the tasks of world leadership which 
events of the immediate past have thrust 
upon us. The intensiveness ot the present 
“battle for men’s minds” will not permit 
a leisurely preparation. There is no time 


to be wasted. 


News 


of Tennessee-Atomie Energy Commission 
Agricultural Research Program. 
Additional information may be obtained 
from the University Relations Division of 
the Institute, P. O. Box 117, Oak Ridge, 


Tenn. 


Dr. Raymond John Seeger, formerly 
Chief of the Aeroballistics Research De 
partment of Ordnance Laboratory at 
White Oak Marvland, has been appointed 
to the staff of the Division of Mathemat 
ical, Physical and Engineering Sciences 
of the National Science Foundation. 








The Future Prospects of Improved 
Preparation for College 


By C. E. MacDONALD 


Superintendent, East Lansing Public Schools, E, Lansing, Mich. 


Proper guidance in high school, and 
even in earlier years, can have a great deal 
to do with the high school preparation of 
prospective engineering students. I am 
happy that we are thinking of this as a 
guidance process rather than one of selec- 
tion. The objective is not the elimination 
of the unfit. The objective is to guide into 
the engineering field those who belong 
there because of ability to absorb and 
make use of certain types of information ; 
because they possess the necessary per- 
sonal qualities; and because, above all else, 
they have a very real interest in the engi- 
neering profession. 

We must be very careful about ruling 
out prospective engineers, particularly on 
the basis of subject grades or standardized 
test results. Technical competence is 
surely required of the engineer, but let us 
not be too certain that high academic 
grades and high test scores assure tech- 
nical competence in the engineer. On the 
other hand, let us be equally careful con- 
cerning low ‘academic grades and low test- 
ing scores. They do not always mean low 
ability. 

I recently came across an article written 
by Harvey Zorbaugh, Director, Counseling 
Center for Gifted Children, New York 
University, in which he points out the 
dangers inherent in the belief that we 
can spot people of promise while they are 
still in school by their grades and their 
scores on I.Q. or aptitude tests. He feels 
that there is real danger in the extent 
to which this belief is being accepted in 
our national life. 

Experience points out that many in- 
dividuals possess, or later develop, other 


talents and qualities, such as ambition, 
drive, leadership, character, and_ the 
faculty of working well with other people, 
which cause them to be outstandingly sue- 
cessful. Henry Ford II failed in his Yale 
engineering course. Subsequent events 
proved this to indicate a lack of interest at 
that time, rather than a lack of ability. 
Charles E. Wilson of General Electric 
never finished high school. One could cite 
such cases almost endlessly. 

Several great dangers exist in using 
grades and test scores as the primary basis 
to be used in guiding high school youth 
into the field of engineering: 


1. Low grades may indicate lack of in- 
terest rather than lack of ability. 

2. Poor teaching and low motivation 

can acount for lack of interest. 

Outside factors can affect examina- 

tion and test scores. 

4. High academic ability does not of 
itself assure suecess in the engineer- 
ing field. 

5. Many gifted men have shown little 
indication of their ability in school. 


Ww 


Guidance Program 

No doubt I am taking too much time 
to say things which have already been 
said. But what I have said about guidance 
indicates a great deal for our high school 
preparatory program. One might say 
that there are three vital parts of a pro- 
gram. They are: 


1. Guiding young people. This involves 
use of all available data; and creat- 
ing an interest on the part of qualified 
students. 
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2. The program itself. What are the 
objectives of the program? What 
are the possibilities in each individ 
ual school’s program? 

3. The program in operation. 
carried out? 
be improved? 


Is it well 
How may performance 


A high school guidance program for 
prospective engineers has been very ably 
presented. My concern is that we use a 
broad basis in guiding students into engi 
neering; that we be very reluctant to say, 
“You are not qualified.” 

I hope, also, that we have a broad point 
of view concerning our preparatory pro- 
gram. Nobody thinks more highly of 
technical competence than I. 
question in my mind concerning the need 
for mastery of the subject matter of the 
field. One must have tools with which to 
work. 

Individual schools will vary greatly con- 
cerning the extent of the information they 
are competent to handle. Teachers vary 
in knowledge: ant’ ability. Schools vary 
in scope of instructional materials. Peo 
ple responsible for planning vary in 
The small school is likely to be 
at a disadvantage in regard to courses 
that can be offered. 

This is indicated in a recent publication 
of the Bureau of School Services, Univer- 
sity of Michigan. It is entitled “Program 
of Studies of 176 Michigan North Central 
Secondary Schools.” 


There is no 


vision. 


Variations in Science Units 

Let us look at the science units offered 
Three and four are 
average. | that this 
Biology, Physics, and Chemistry, and Gen 
eral Science, in addition, when four units 
are offered. However, we find approved 
schools offering but one or two units in 
At the other end of the seale, 
we find schools offering as high as eight 
units. We can readily observe the great 
variation in the amount of information 
offered. 

Strangely enough, there is considerable 


in these sehools. 


presume means 


science. 


5 


variation even in schools of comparable 
size serving the same types of areas 

In the field of mathematics, the same 
story is told. Just considering our high 
thousand enroll 
ment, we find a range of from three to 
ten units in mathematies offered. A num 
ber of the small high schools offer as few 
as two units in the field of mathematies, 


schools with over one 


presumably algebra and geometry. 

It seems obvious that many high schools 
might well give attention to basie offerings 
in science and mathematics. But the road 
is not easy. Our state department of pub 
lie instruction has long advoeated con 
solidation of small school districts, so that 
richer sehool programs might be offered. 
More financial resources would enable a 
district to provide necessary facilities, and 
to pay the necessary salaries to attract 
competent instructors. 

But take the large high school baeked 
by a_ well-to-do sehool distriet. How 
explain the meager offerings sometimes 
found in these schools? 
students are not 
preparation in science and mathematics, 
Why? 


Very likely because they see no need for 


Obviously the 
asking for extensive 
the fields we are considering. 
them. Possibly a strong guidance pro 
gram could awaken them to the great pos 
sibilities they are overlooking. Doubtless 
many strong prospective engineers are 
being overlooked. Also, students are prob- 
ably avoiding these courses because of the 
way they are being taught. If the pro 
cedure is to assign the learning of faets 
and information, unrelated to any vital 
student concern, it is not surprising that 
they stay away in droves. I shall have 
more to say later about the effectiveness 
of our teaching. 


Mastery of Fundamentals Necessary 


My conclusion would be that all schools 


should concentrate on mastery of the 
fundamental 
and science in the high school years, and 
then offer such advanced courses in the 
field as facilities permit. At least one 
over-all unit concerning itself with the 


principles of mathematics 
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various engineering fields might well be 
offered. 

We want professional competence in 
our engineers. Certainly we all agree. 
But what else? General Somervell 
that the second thing that the engineer 
must be able to do is to “take his place in 
the organization that he joins.” He must 
be able to get along with other people. If 
he is to go very far in his chosen pro- 
fession, he must also be able to handle 
people. I doubt that many of our high 
schools have spent sufficient thought on 
ways of preparing engineers to develop, 
or helping them to develop, this greatly 
needed ability. I suspect that many engi- 
neering schools have done less. 

The engineer must understand the eco- 
He must be acquainted 
with general principles of Business Ad- 
ministration. 
probably means the course in economics 
as preparation for further courses. 

Engineers do not live in a vacuum. 
They need common abilities that we try to 
develop to the extent of each individual’s 
abilities. Engineers need to be competent 
in communication skills. They, as much 
as any, need to know our history and tradi- 
tions. Engineers require some cultural 
background if they are to live fully. 
Engineers share the responsibility of all to 
play some part in improving their com- 
munity, their state, their nation, their 
world. 

Since these are common skills, the high 
school seeks to prepare all in regard to 
But let us not fail to see them as 
preparing the engineer, 


says 


nomies of our life. 


In most high schools this 


them. 
necessities in 
among the others. 

There is, assuredly, plenty of room for 
improvement in our high school programs 
for preparing prospective engineers. We 
must, first, give the student all the per- 
sonal development possible. This is true 
in the cases of all of our students. The 
schools exist primarily to do their utmost 
to prepare people for living, for citizen- 
ship—whether it be as engineers, doctors, 
lawyers, writers, farmers, secretaries, la- 


borers, or housewives. It is the schools’ 
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second function to guide young peopl 
work, and to do all 
possible to prepare them for that lift 


work. 


into a suitable life 


Hope for Advancement 

One of the greatest hopes for advance 
ment in the content of our preparatory 
course lies in the ability of high schools 
and professional schools to get together 
in planning the objectives and developing 
the material for the courses. 

In Michigan our Agreement 
Plan has found a means of high school 
and university and college coming together 


College 


to plan for the common good of the stu- 
dent. It has already resulted in changes 
in high sehool programs. I know 
instances where it has resulted in program 
changing on the higher levels of education. 
Perhaps the greatest future prospects 
of improved preparation for college are 
contained in the third step I mentioned. 
That is, the actual operation of the in- 
structional program of the high school. 
We can reach agreement on the objectives 
of our guidance program and how it is to 
function. We ean, possibly, reach agree- 
ment on the objectives of our preparatory 
program and how it should be set up. 
But when it comes to operating these 
programs, we are dependent upon teach- 


even 


ing. The best of programs will be ineffec- 
tive in some hands. Basieally, the im- 


provement in courses must 
come through improved instruction. 

The first step in good instruction is to 
arouse interest. Students do not learn and 
retain knowledge without motivation. If 
we content ourselves with motivating stu- 
dents by telling them that they must ab- 
such and information to be 


come good engineers, we shall make no 


preparatory 


sorb such 
progress toward improving our prepara- 
tory courses. If, on the other hand, we 
use the problem-solving technique in teach- 
ing, we shall draw the students into a 
challenging situation. They will be in- 
terested because they have a part in defin- 
ing the problem; suggesting solutions; 
examining the suggestions by means of the 
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subject matter of the field; and in further 
observation and experiment leading to ac 
ceptance or rejection of the solution. In 
short, we must make our preparation much 
more realistic. 

I suppose what I have just outlined con- 
stitutes the “engineering method.” What 
I am saying is that we should use this 
teaching approach to interest our students 
in the subject matter, and to discover the 
students capable of using the engineering 
approach to problems. 

In my opinion, our preparatory pro 
crams for engineering students are weak 
in that we stress the acquiring of subject 
matter above the development of the abil- 
itv to attack problems in a logical manner. 
We confuse the ability to read, to listen 
and retain, with the ability to think. Sub 
ject matter may always be looked up. 
There is no place to turn to look up in 
formation that may be substituted for the 
lack of ability to attack a problem. 

Abandon subject matter? Of course 
not. But let us make use of it to stimulate 


College 


A three-day Conference on Soil Stabil- 
ization will be held at the Massachusetts 
Institute of Technology from June 18 to 
June 20 to examine current problems in 
stabilization treatment. 


Baldwin-Lima-Hamilton Corporation 
has completed installation of a 600,000-Ib. 
testing machine in the new Structures 
Laboratory for Civil Engineering and 
Engineering Mechanies at Purdue Uni- 
versity. It is a part of a modernization 
project that will ultimately cost about 
$3,500,000. 


the imagination of our prospective engi 
neers; to arouse their curiosity; and to 
develop their ana vtieal ability. And let 
us not torget that the engineer needs to 
develop common qualities essential to suc 


cessful living for any of us. 
| sincerely believe that we can im prove 
courses 


our hich school preparatory 


through: 


1. Better guidance practices 

2. Improved offerings concerning the 

subject matter of the field 

3. Setting up as our objective the de 
veloping of imagination, curiosity, 
and logieal thinking processes. Us 
ing the subject matter as a means ot 
attaining these ends. 

This will call for improved faeilities 

and improved teaching As a school ad 

ministrator, I regard it as my responsibil 

itv to trv to create a school situation, a 

school atmosphe re, in which these things 


can happen. 


Notes 


A special program in Infrared Spee 
troscopy will be given from June 16 to 
June 27 during the 1952 Summer Session 
at the Massachusetts Institute of Tech- 
nology. 

George F. Carrier has been named 
Gordon McKay Professor of Mechanical 
Engineering in Harvard University. He 
is now at Brown University, where his 
work has been in applied mechanies, espe 
cially in fundamental problems in elas 


ticity and fluid mechanies. 











Economics and Engineering Economy 


Their Relationships and Their Value to Engineers* 


By BILLY E. GOETZ t 


Professor of Business Administration, Antioch College 


Eleven years ago I spoke to the Engi 
neering Economy Section on the use of 
economie logic by engineers confronted 
with. problems of engineering economy.t 
Today I want to diseuss some broad areas 
of greatly increased importance in which 
economics can contribute data as well as 
logie to the engineer’s attack on such 
problems. 

Many, if not nearly all, of manage- 
ments’ problems of policy formulation, of 
choice of resources, of product design, of 
organizational planning, and of selection 
of methods and procedures ean be sub 
sumed under the elassie question of engi- 
neering economy—will it pay? In ap- 
proaching such problems today, the man- 
ager and the engineer find the factors to 
be considered so changed in content and 
in relative importance as to make his 
world rather new, strange, and somewhat 
forbidding. Most of these new, or newly 
important, factors have arisen within the 
areas studied by economists. Consequently, 
economics has a new and somewhat dif- 
ferent contribution to make to engineers 
and managers struggling with “will it 
pay” problems. Since nothing is really 
new, we will find that some of these fae- 
tors have been around a long time, but 
recognition of their importance has been 
delayed, and they have not yet been 
adequately worked into the literature of 
engineering economy. 


* Presented before Engineering Economy 
Committee, June 27, at Lansing, Mich. 

+ Professor of Business Adminstration, 
Antioch College. 

t‘‘The Relationship of Cost Accounting 
and Engineering Economy,’’ Journal of 
Engineering Education, April, 1941. 
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How will creeping (or is it faster than 
that?) inflation affect the relative desir 
abilities of alternate programs? How do 
taxes, present and prospective, affect 
choices among rival plans? How do 
governmental regulations, current and an- 
ticipated, change the terms of engineering 
economy problems? These questions are 
conspicuous by their absence in the litera- 
ture of engineering economy, and by their 
omnipresence and dominating quality in 
the thinking of managements. Eeon- 
omists have spent much time and written 
many articles and books on these subjects. 


The Effect of Inflation 

First, what does inflation do to engi- 
neering economy problems? Obviously, a 
persistent inflationary trend tends to 
cause a shift in time preferences. Buyers 
tend to anticipate their needs. They build 
bigger, and stock larger inventories, be- 
cause later things will cost more. Perhaps 
this can be taken into account merely by 
changing the rate of interest used in the 
compound interest formulas by means of 
which time preferences are so elaborately 
woven through engineering economy stud 
ies. Such an attempt runs into a curious 
dilemma. If inflation becomes much more 
pronounced, managers may be willing to 
pay exceptionally high interest rates to 
get money with which to buy goods in 
anticipation of continued violently in- 
creasing prices. But exceptionally high 
interest rates in the compound interest 
formulas tend to give answers favoring 
postponement of expenditures. Evidently 
the formulas contain an implicit assump 
tion of constant price levels. 

In times of inflation, managerial at- 
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titudes toward borrowing and investment 
change. Capital outlays at present prices 
can save labor—ean reduce labor hours 

in the future when wage rates will be still 
higher. 
future savings on a higher price level may 
be obtained. 
growth by plowing back of earnings dif 
ficult; accelerated depreciation makes pos 
sible tax savings; and renegotiation en 


By spending on one price level, 


Moreover, high taxes make 


the accumulation of secret re 
All this tends to make manage 


ments more willing to finance expansion 


courages 


serves. 


out of borrowing. After all, if a manage 
ment $100,000 to 
inventory (speculation ?), and if the price 
rises by 12% in one year, why should such 


borrows increase its 


a management balk at an increase in in 


terest rates from 4% to 5%, 6% or even 
10%? But, if the interest 
formulas are to answers, the 
interest rate used will be much 
smaller! If the flight dollar 
reaches the stage of galloping inflation, 


compound 
give such 
have to 

from the 
the interest rate used in compound-in- 
terest, engineering-economy studies may 
have to approach the vanishing point. 
This means the interest rate used in such 
calculations can have no relation to actual 
interest rates or to interest rates managers 
are willing to pay to get money to spend 
now rather than later. 

Such 
for adjustments of historical cost 
To solve a problem in engineering econ 
turn 


considerations indicate the need 


data. 
omy correctly, the engineer must 
prophet; he must predict prices. 
nomies ¢an help him define his problem, 
to understand its nature, and to solve it. 


What j 


Keo- 


is the outlook for more inflation? 
An inereasing population tends to pro- 
duce and to consume more goods, and the 
supply of money will have to be increased 
or prices will fall. Increasing productiv- 
ity per man hour increases the supply of 
goods to be exchanged by means of the 
available supply of circulating medium. 
This, too, indicates a need for a gradual 
inerease in and bank eredit to 
avoid price declines. On the other hand, 
government deficits increase the supply ot 
money and, through the way in which 


money 


ENGINEERING 


ECONOMY 


they are financed through the banks, tend 
to increase the supply of bank deposits. 
So far at least, the 


Federal Government 


has found no difficulty in inereasing the 
supply of money and credit fast enough 
to keep pace with a growing population 


Nor does 


it seem likely that this state of affairs will 


and an improving technology! 


change soon. Taxes have grown so great, 


and impinge on so large a part of the 
voting population, that politicians are re 
luctant to increase them further. But wan 


{ 


and preparation for war, the welfare 


state, the welter of private interests seek 


ing subsidies, and the general decline in 
the efficieney of a top-heavy and rapidly 
bureaucracy seem to 


growing federal 


guarantee ever-increasing rovernmental 


expenditures. Further inflation seems al 


most guaranteed for the foreseeable 


future. 


The Impact of Taxe s 


Secondly, what does our amazing tax 
structure do to engineering economy prob 
lems? With the Federal Government tak 
two-thirds of the 
business in the income tax alone (includ 


ing almost protits of 
ing surtax), and coming back for a second 
helping of from around 20% to as high as 
90% of the third 
business pays dividends, taxes have be 


remaining when the 
come a major expense item rivaling mate 


rials and wages. Managements show a 
strong preference for expenditures that 
can be dedueted in computing profits on 
which taxes must be paid. 


engineers and the advertising fraternity 


The consulting 
have made a bonanza of this prelerence. 
Their services score as expenses and are 
Benefits 
presumably continue far into the 


currently deductible. obtained 
tuture 

they are real assets, secret reserves. If 
an engineering study and a new machine 
involve equal outlays and offer equal sav 
ings, the deductibility feature of the engi 
neering study gives it the manager’s pret 
erence. 

Another aspect of taxes and contract 
renegotiations that produce an Alice in 
Wonderland world for the engineer bent 


) 


on doing for $1 what others do for $2 Is 











the attitude of managements spending 
“4¢é dollars.” On a consulting job, I tried 
to get priority for my project by pointing 
to its cost in consultant fees. “Let’s get 
it done as quickly and as economically as 
possible,” I urged. “Why?” said the 
manager, “You’re deductible. 80° of our 
business is on war contract where we will 
be renegotiated down to a profit of around 
10% on sales. On that 80%, you don’t 
cost us a thing. On the remaining 20%, 
we are in the 80% tax bracket, so the 
government pays 16% and we pay 4%. 
When we pay your bill, we are spending 
4¢ dollars.” 

Where does this take us? One task 
that interfered with progress on the con- 
sulting job just mentioned was a _ re- 
negotiation. In the middle of a war, with 
dreadful urgency for production, the six 
top executives of this war contractor, and 
their management consultant, took three 
days off to write a brief objecting to the 
profit allowed by a preliminary hearing 
officer. We took three days off from war, 
our costs were themselves deductible and 
therefore came out of the government’s 
share of the company’s profits; and in 
those three days, eight men earned as 
much money as the 1500 employees of that 
company earned in a whole year! We got 
the appeal board to double the % profit 
allowed. Of course, the government got 
80% of this extra profit back under the 
regular income taxes instead of getting 
the whole of it by renegotiation. 

Other queer things happen to economy 
studies because of the incidence of taxa- 
tion. An economy study shows it to be 
desirable to get rid of ancient machinery. 
A tax study shows that it had better be 
kept until a year of greater profits arrives 
when the deduction will be more useful. 
Naturally the tax study takes precedence 
over the engineering economy study. It is 
dealing with more important factors! Of 
course, if the economy study went into 
the comparison of alternatives as far as 
it should, it would include all the tax 
computations, and its answers would then 
turn out to be the right ones. 
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Governmental Regulation 

Thirdly, what does governmental regu 
lation do to engineering economy studies? 
Obviously, it sets limits to the availabl 
alternatives. Copper may be cheaper, o 
better, but it may also be restricted. Hir 
ing more labor may pay so handsomely 
that we are willing to raise wages sub 
stantially to get the extra men; but a 
government board may forbid such con 
duct. We may want to expand our plant 
facilities, but be unable to get a certificate 
of necessity which would enable us to do 
so. We imay be pushed into suspending 
production of our cheaper lines because 
the government has frozen all prices and 
we get larger profits from our more ex- 
pensive products. 

Here, again, economics not only helps 
define the problem. It also supplies a 
basis for forecasting. All products, and 
all resources, are interrelated through an 
amazing network of prices. General 
falling average 
prices—depend upon general fiseal factors 
such as were discussed under inflation 
above. But within such general move- 
ments there are many eddies. Some prices 
move much farther than the average, 
others move counter to movements in the 
general price level. And some prices are 
much more closely related than others. 

First, there are derived demands, de- 
mands passed on from one stage of the 


movements—rising or 


production process to a preceding stage. 
Thus, the consumer demand for auto- 
mobiles becomes in turn a derived demand 
for steel. Whatever happens to the price 
of steel tends to be reflected in what hap- 
pens to the price of automobiles, and vice 
versa. By noting such economic rela- 
tionships, and watching for the first 
changes, subsequent changes can often be 
foretold with some accuracy. 

There are joint demands; demands for 
products used together: shingles and 
shingle nails, automobile carburetors and 
windshields. When a glass faetory in 
Pittsburgh shut down, an automobile fae- 
tory in Detroit soon ran out of windshields 
and shut down its assembly lines. Soon 
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its inventory of carburetors piled up and 
compelled it to defer delivery schedules, 
which it turn soon closed a carburetor 
factory in South Bend. In general, an 
inerease in price of one item in a jointly 
demanded group tends to raise the price 
of the group, which tends to reduce the 
quantities purchased, which tends to force 
down the prices of the other components 
of the group. This is obviously something 
quite different from the general ups and 
downs of the price eyele, and not con- 
trollable by the fiseal policies of the 
federal government. 

Similarly, there are joint supplies; e.g., 
byproducts. An increase in the price of 
one of the joint products tends to inerease 
the quantity produced, and the increase 
in quantity of the other joint products 
tends to depress their prices. 

There are rival demands. When war 
industries bid up the prices of steel, 
copper, wool, ete. the competing users 
must raise their offers or do without. 

And there are rival supplies. Kellogg’s 
Cornflakes and ‘Post Toasties, to take 
commodities from this neighborhood, are 
rather close rival supplies. Different 
breakfast foods are more distant com- 
petitors. Other foods represent inter- 
industry competition one more step re- 
moved. Finally, all foods compete with 
other consumers’ goods. It is alleged that 
stenographers on Wall Street or on La- 
Salle Street starve themselves in order to 
save money to buy clothes, and perhaps 
incidentally to fit the clothes they want 
to wear. 

These interrelationships may help in 
predicting many changes of governmental 
policies and regulations. For example, if 
price controls succeed in holding down or 
lowering prices, we know from theoretical 
considerations that quantities demanded 
will exceed quantities supplied. Either 
rationing will be necessary, or the com- 
modity will largely disappear from the 
market. This, of course, leads to much 
waste of time standing in queues. Nor 
do the strong pronouncements of a prae- 
tical-politician price controller change this 
matter one iota, 


Furthermore, black markets are bound 
to appear whenever the difference between 
the official price and the black market 
price is sufficient to absorb the costs of 
evading law enforcement. And this is 
true of smuggling, and of moonshining, 
as well as of the black market. 

Rival supply considerations should 
warn a price controller that fixing a price 
on one commodity almost insures the ne 
cessity of controlling the price and ration 
ing the supply of all close substitutes. 
Almost any price fixing and rationing 
tend to reach out through joint demands 
and supplies, derived demands, and rival 
demands and supplies to more and more 
commodities until virtually all important 
commodities must come under the price 
fixing code, with rationing to match. 

Finally, the theory of inflation should 
warn price controllers of the need to 
reduce inflationary pressures if official 
prices are to remain close enough to free 
prices to make black marketing too eostly 
for so narrow a gross margin. 


Summary and Conclusion 


To summarize and conelude; inflation, 
taxation, and governmental regulations 
are newly important factors in many man- 
agerial problems of choosing from among 
alternate policies, product designs, pro 
duction methods, or produetive agents. 
These factors are now neglected in the 
literature of engineering economy, but 
not by economists nor by managers. If 
the engineer continues to ignore them, he 
must reconcile himself to seeing his re- 
ports filed in the round file; he must 
reconcile himself to wasting time and 
money producing reports of little value. 
Probably problem solving is becoming a 
matter for teams comprising a variety of 
specialist experts: an engineer, a tax ac- 
countant, an economist, a lawyer, and God 
knows what next! But these experts 
must establish effective communication 
among themselves or the teams cannot 
function. That means each must have 
considerable understanding of the prob- 
lems, the terminology, and the techniques 
of the others, 








How the Library Can Serve 
Engineering Students* 


By JOHN H. MORTARTY 


Director of Libraries, Purdue University 


Among American people with school- 
ing, the presence and use of library facil- 
ities are so taken for granted that their 
nature is not often considered. The pur- 
pose of this presentation is to try to jolt 
vou into taking a fresh look at your 
library and the use that you and your 
students make of it. 


The Library as Machine 

Basically your libraries are machines 
for serving up books, just as houses are 
machines for living and cafeterias are 
machines for eating. To the gentle hu- 
manist this has a sacrilegious tone. He 
feels the library is the heart of the campus 
or the treasury of man’s spiritual life. 
He probably also thinks of the moon as 
the queen of the night, rather than a 
satellite of the earth, 238,840 miles distant. 
But the astronomer and the librarian have 
to take the materialistic attitude, and the 
approach to the library as a machine 
has very real values. 

A second important concept, not often 
faced by even the librarians, is that the 
American library is normally a self-serv- 
ice machine. Consider your own library 
experiences. As a little tot you went into 
the children’s room of your local Carnegie 
Library and pulled the easy books off the 
sloping tables; as a young adult you used 
your high school or public library shelves. 
In college, you went into the library, 
spotted the ABC catalog, made out a 
slip, passed it without a necessary word 


* Delivered at a conference of English 
Division at the ASEE Annual Meeting at 
East Lansing. 


to a dead-pan clerk and received either 
your book or checked notice describing its 
absence from shelf. It was and is all just 
as mechanical as that. And being Amer- 
ican and democratie and used to fending 
for yourself, you probably really like it 
that way. I was talking of this to a 
friend of mine, a columnist on a large 
midwestern paper. He told me a story on 
himself, about a use he made of a eity 
library. At 60 years old and the father of 
a 35 year old son, he remarried. The 
lady was in her forties and a pleasant 
companionship was anticipated. Instead 
at 62 he found he was to become a father 
again. He was mad at the very idea and 
disregarded the whole affair as much as he 
could. On the birthday he assured him- 
self only of his wife’s satisfactory condi- 
tion and let the matter drop. After about 
three days, on a visit to his wife it dawned 
upon him that he didn’t know the baby’s 
sex. The more he thought of it the more 
aghast he became. He listened to his 
wife’s talk to the nurse, to the doctor. 
All of them maddeningly referred to the 
baby or the child. He left the hospital 
terrified lest he meet one of his friends 
and be foreed to reveal his indifference, 
which he now saw was sheer evil. Being 
an old newsman he headed for a news- 
paper office but found it was so late that 
the back issues room was closed. He was 
standing bewildered in the street when 
suddenly he realized he was in front of 
the Publie Library. He had it, it was 
solved. In he hurried and got in line to 
wait for a paper. “And,” he said to me, 
“if one of you snoopy librarians had asked 
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me why I was there, I’d have knocked you 
down.” 

But this realization of the library as a 
self-service machine puts upon the user 
and the librarian certain very specifie re- 
sponsibilities if the educational effect of 
the communication potential in libraries 
is to serve the user for his betterment. 
This paper is to lay out before you one 
special corner of this big problem, namely 
certain peculiar 
engineering teacher and engineering li 
brarian within the general situation. 


responsibilities of the 


Redesign of Library Service 

The standard practice in getting a ma- 
chine for self-service into general use is 
to make a market survey of the potential 
customers and their peculiar problems and 
to design the machine to take into ae- 
count these findings, and this, of course, 
in addition to the regular laws of mechan- 
ies which it must obey. And onee you 
have done so, then you institute a sales 
campaign to educate the public to handle 
and exploit the machine. The telephone 
industry illustrates pretty well what I am 
deseribing. 

What has happened to the marketing of 
the library as a self-service machine for 
engineering education is a sad, sad ex 
ample of how—in any economie world—to 
go bankrupt in a hurry. No fundamental 
study of the nature of engineering use of 
documentation has ever been made. The 
engineers are not naturally subjective; the 
librarians have not left off tending the 
machines long enough to study their ef- 
fect. As President Edward ©. Elliott of 
Purdue once thundered at me: “The 
trouble with you librarians is that you 
don’t know what your libraries do to 
people’s minds!” And _ he right. 
What we have done, for lack of basie re- 
search, is to improvise and patch. And I 
for one am tired of worrying about the 
bare backsides of engineering education 
which shows through the patches and 
I’m going to ask you to look at them with 
me, hoping some of you can figure out 
how to stretch and mend what we have 
to make a better fit for our needs. 


was 


ENGINEERING STUDENTS {4l 


Break between Classroom and Library 


The sharp gap between the classroom 


and the library is one big hole in our 


educational front. The path to our pres 
ent situation goes back some fifty years or 
so. Up to 1900, the small college library 
was usually a side or extra job for some 
At Purdue University at that 
time the Registrar was librarian too. Bu 


protesse yr’. 


at the turn of the century a crisis was 


reached. Printing presses, based 


m new 
printing technology, began to roll; Science 
and especially the Social Sciences began 
to record reams of data never before put 


eensus oO 


for example the U. S. 


1S70 occupies one foot of shelf; for 1880 


down 


the census volumes cover six feet of shelf. 
The 

began 
desks, demanding relief, help 


poor protessors, registrars, deans, 
presidents’ 
with the 


They got it; young women trained 


pounding on college 
mess. 
in library techniques took over, tidied up 
to the 
In the ad 
ministrative relief, nobody stopped to con 
that the contaet 
and the class room problems and the rela 


the mess in a intense 


the administrators. 


lew years, 
relief of 
sider with the teachers 
tions of classroom to library usage, were 
sacrificed. They 
libraries grew in size, the break between 


were sacrificed, and as 


classroom and library widened. 

Now, let me reiterate that nobody was 
malicious or willfully withholding help or 
All were caught up in a social 

Libraries, like it or not, were 

machines I have 
bulk of literature demanded 
precision in handling. Its 


service. 
problem. 
turned into 
The huge 
machine 
growth was so rapid as a social phe 
nomenon that the size of library staffs 


deseribed. 


never got to match it or secure even com 
plete mechanical coverage of the material 
pouring in (the Library of Congress has 
a backlog of 1,250,000 magazine 
unrecorded. The Nuremburg War Crim 
inal Trial Reeords, which oceupied a full 
carload going from the ship in New York 


issues 


to Washington, naturally haven’t yet been 
organized). And the presses roll. 

Now the _ best field of 
librarianship are naturally in these large 


minds in our 
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research libraries. If they are over- 
whelmingly pre-occupied with the raw and 
material problems of physical control, who 
is left to consider human use and service 
of this material on a high plane? Cer- 
tainly the young girls who come into the 
library field for two years, five years and 
then leave really never catch the vision 
at all. 

And there would be some hope for our 
problems if readers who use the library 
were more critical. 

But most Americans are too active to 
be really bookish people or to haunt li- 
braries and when oceasionally they do 
venture into the beautiful mausoleums of 
our large campuses and cities or into the 
department store type library in the small 
towns, the average American has a sort of 
lost feeling. Take the poor student who’s 
been told to write a theme of his own 
choice. He wanders from shelf to shelf; 
he toys with the catalog, and finally, he 
sidles up to the janitor or charlady and 
says almost off the side of his mouth, 
“You got anything here on rockets?” And 
when his teacher does send him to find 
some one thing, the situation often isn’t 
any better. I'll cite an actual case. <A 
student caught me on the run one day and 
said Prof. M. wanted him to read a 
biography of Roger Williams by Vernon 
Parrington and had said that the Library 
did have it. He ecounldn’t find it. Well, I 
did know that Vernon Parrington’s death 
twenty some years ago at an early age 
with his great work entitled “Main Cur- 
rents of American Thought” still unfin- 
ished is a prime intellectual loss to our 
country and that Parrington had written 
too little else. I felt that if he had done 
a Roger Williams biography, it would be 
a valuable item on Williams. So I went 
and looked in the Dictionary of American 
Biography under Williams and in the 
list of works about Williams, I found 
Parrington listed not as a biographer but 
with the reference to Volume I of the 
“Main Currents” which has the separate 
title “The Colonial Mind” and has about 





100 pages on Williams. This was ob- 
viously the biography meant by Prof. M., 
but how a boy of 19 was supposed to find 
it with what research skill he had, I con- 
fess I do not know. 

I do know that there is a bad gap 
between what orientation to further study 
is given to students in the class room and 
the situation they face when they walk 
into the library. And I know that every- 
one of you people has as a student faced 
that too. 


Engineering School Library 


The gap between classroom and library 
that I have so far deseribed would be as 
true of a liberal university as of an engi 
neering school. The engineering school 
library has all such general weaknesses 
because as the professional engineering 
school has developed there has been merely 
a transfer to it of the library practice 
used for the humanists and the social 
scientists, with hardly a thought that an 
engineering school would require anything 
peculiar by way of documentation service. 
The engineering faculties certainly didn’t 
ask for anything different. What they 
and their students have done is simply to 
stay away from the libraries. In its way, 
this absence can be as bitter a complaint 
as can be lodged. 


Library Absenteeism 


What was and is back of this library 
absenteeism? The students stay away 
because the engineering faculty do not 
send them to the library. The engineer- 
ing faculty do not send them to the library 
because it has been the nature of technical 
men when pursing knowledge to enquire 
first personally of someone else who may 
know. Next, they will test a hunch of 
theirs in the laboratory. And finally and 
only finally will they try consultation of 
the literature, which has seemed to them 
the least desirable. So you see, the engi- 
neering faculty has not sent students to 
the library because the faculty, following 
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its two favorite methods, personal ex- 
change between student and instructor and 
laboratory work, has felt these are enough 
for all ordinary The 
ordinary engineering undergraduate has 
agreed heartily. 

The undergraduate’s main use of the 
engineering school library has been gen 
erally forced upon him by his non-tech 
nical electives. His instructors in English, 
Speech, ete. are usually the ones who send 
him to the library and thus all too often, 
as by a vicious followup punch, he comes 
to see the written record as having little 
to do with his major interest, engineering. 

Why do I say “vicious”? Is this just 
because I am a librarian and want 
customers? No, it is not; though I won’t 
pretend to disinterest. I feel it is vicious 
because it imposes a habit toward knowl- 


undergraduates. 


more 


edge that sets a young engineer’s career 
back anywhere from five to ten years. 
One glaring fault with all this engineer- 
picture is the total 
failure to teach the regular reading of 
technical journals-as a device of profes- 


ing school almost 


sional education, particularly of profes- 
sional self-edueation. 

You all know that no active professional 
or business man can keep up today who 
does not read through at least two pro- 
fessional or trade journals a month. The 
technologies, more even than other fields, 
are documented almost completely by the 
journal article. This is a phenomenon of 
the last fifty years and in many ways our 
educators do not yet face its meaning. 
And by this I indict the librarians equally 
if not more than the engineering or other 
faculties. We have acted as though the 
journals were step-children. We solemnly 
buy, . new, texts and monographs with 
data that are anywhere from two to five 
years obsolescent. We have spent catalog- 
ing and shelving costs on as many as fif- 
teen copies of a textbook, when if an in- 
structor had wanted fifteen subscriptions 
to one journal for a class we would have 
gone hot-foot to a dean or president to 


have that man stopped. We buy one sub- 


scription, guard each issue fiercely to pre- 
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vent any loss of numbers, bind them up 
promptly, and refuse then to ecireulate the 
bound volume. 
I feel just as apologetie for library prae- 


L confess all this because 


tices which prevent students’ education as 
many an engineering teacher has told me 
he felt about his students’ faliure to learn 
to use the literature. 


Engineering Documentation: 


Nou 


and Later 


As engineering education in our ex 


panding technology becomes more and 
more an introduction to fundamentals and 
less and less an exercise in current prae 
tice, the student needs increasingly a cor 
rect orientation toward how he can himself 
discover current practice. His future ex 
perience as a suecessful engineer facing 
a new problem will typically be to move 
up-to 


date methods which regular reading in his 


(1) from the general awarenes of 
own monthlies such as Mechanical Engi 
Civil 

2) 


give him on to (2 


nee ring or Engine ¢ ring or some 


other may specific 
journals such as Materials and Methods 
either 
will lead him 


handbooks, or 


where articles or advertisements 
to (3) catalogs, company 
direct contact with sales 
engineers. 

This experience is one that every stu 
dent engineer should have, not once but 
often enough in his distinetly engineering 
courses that it becomes for him a set pro- 
cedure. Beyond this he should have built 
up by his engineering teachers a literature 
attitude which 

The classic attitude of personal con 
sultation and laboratory testing which I 


have deseribed above as typieal is as of now 


is contemporary. 


becoming an old-fashioned and small com- 
pany or one-engineer-in-the-firm kind of 
attitude. 
veloping for themselves company libraries 


The larger companies are de- 


sometimes of several thousand volumes. 
But often these shelves of books may be 
half dozen. 


crowded 


quite lacking or a_ bare 
Rather the 


filing cases holding engineering reports, 


room will be with 
sheets, 


The librarian 


clippings, specification 


and data sheets of all sorts. 


patents, 














of such a company will be almost com- 
pletely receiving, scanning, and abstract- 
ing a hundred or more journals which will 
then be circulated among the engineering 
or administrative staff. 

This is the industrial documentation 
which our young engineer must face and 
for which neither academic lecture, lab- 
oratory nor library prepares him. By a 
youngster engineer in a company the 
right attitude and apt use of such an in- 
dustrial library can markedly shorten his 
induction period and give critical boosts 
in meeting his competition. But the aver- 
age young engineering graduate is rarely 
prepared to understand or to exploit such 
industrial opportunity. Some of the long- 
standing sorrow over poor report writing 
might be alleviated if the students could 
be motivated by an appreciation of Amer- 
ican industry’s use of the engineering re- 
port as industrial documentation and rec- 
ord. Certainly little he sees in academic 
libraries prepares him for such apprecia- 
tion. 


Ways Out of Our Dilemmas 


Now I know many an _ engineering 
school librarian will say that no one ever 
urged him to adjust his library practices 
so that it will teach students to be at home 
in an industrial library. And there will 
be numbers of instructors even of engi- 
neering who will see little point to such 
a set-up spoiling the nice sedate and con- 
ventional hbrary to which they are ac- 
customed. Actually too overwhleming 
a revolution is not required. Industrial 
firms have often quite handsome libraries. 
The real revolution is a recognition that 
the record, the documentation, the litera- 
ture or what you will has today a part 
to play in technology’s evolution which 
men trained twenty-five years ago can 
hardly appreciate. The great industrial 
firms have set the pace, determined not to 
infringe patents or duplicate design or 
work. The librarians however have been 
no leaders in observing and bringing these 
new developments into their schools as 
part of their offerings. But the crust of 


444 HOW THE LIBRARY CAN SERVE ENGINEERING STUDENTS 


conservatism is breaking. The engineer 
ing faculties are beginning to experiment ; 
the librarians are beginning to bend their 
practices to fit their users. What then 
should the progressive engineering school 
library do for the student? I will close 
with a brief plea for action on three 
strategic fronts—the quarters or physical 
setting, the collection or stock, and the 
staff. 

The quarters, the library rooms, have to 
be adapted to man, and not demand that 
man be neurotically quiet, restrained, and 
unnatural while at study. Small symptoms 
of such improvement would be the pro- 
vision for smoking, conversation that 
didn’t distract others, enough space to 
spread papers, booth-like arrangements 
giving a sense of privacy, freedom to slip 
off shoes, drop your head for a nap, and 
other provisions that would make a man 
feel at home. Old line librarians will be 
seandalized at such unseemly public be- 
havior. T’ll put up with it and worse if 
it will contribute one iota to make better 
prepared engineers. The public polish is 
a superficial refinement that can and will 
come later. The library should be a place 
to study, tailored for men. 

As for the collection or books, I have 
given above the clue to my thinking. Let 
us haul in the vertical files and beg from 
industry the raw data of engineering’s 
advances. Why do I stress this? Well, 
what I want to do is to use the library’s 
materials to motivate our students by the 
example of live and current applications 
of the theoretical topies they are studying. 
A student’s inspection of these if astutely 
timed by his instructor would send the 
boy back to his thermodynamies text con- 
vineced that he’d better have his thermo 
principles down cold or else. I want to 
make the wealth and kinds of engineering 
records a challenge to the student, rather 
than what the library now is, namely a 
chore. 

And finally the staff has to be looked at. 
To give the engineering student a break, 
we'd better get the librarian out of the 
library at least one-third of the time. At 
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least that time each week should be spent 
in faculty consultation. And I don’t ree- 
ommend that the consultation be in the 
library office. It should be the other way 
around. The librarian should go out as 
a salesman to see how the product or serv- 
ice is going over. Only by such a devotion 
to consumer research and selling ean the 
librarian verify that the library machine 
is serving its function. 


It will be a long time before most of 
our engineering schools’ library servic¢ 
reaches these or comparable goals. The 
problems of inadequate quarters, in 
adequate collections, inadequate librarians 
are ‘real and very human problems. In 
dealing with these real and human prob 
lems, John Dewey has wise obiter dicta 
for us: “We don’t solve such problems 
We outgrow them.” 


College Notes 


The Summer Laboratory Course in 
Techniques and Applications of the Elec- 
tron Microscope will be given again this 
summer from June 16 to June 28, 1952, 
by the Laboratory of Electron Microscopy 
in the Department of Engineering Physics 
at Cornell University. The course under 
the direction Of the Dr. Benjamin M. 
Siegel will have Dr. James Hillier of the 
RCA Laboratories, Princeton, New Jersey, 
and Dr. C. E. Hall of M.I.T., Cambridge, 
Mass., as guest lecturers this year. 

The course is designed for those re 
search workers, institutional and indus- 
trial, who have recently entered the field 
of electron microscopy or who are now 
planning to undertake research problems 
involving applications of this instrument. 
Further inquiries should be addressed to 
Dr. Benjamin M. Siegel, Department of 
Engineering Physies, Rockefeller Hall, 
Cornell University, Ithaea, New York. 


The appointment of Bernard E. Proctor 
to Head of the Department of Food Tech 
nology at the Massachusetts Institute of 
Technology was announced by George R. 
Harrison, Dean of Science at the Institute 
Proctor, who is Professor of Food Tech 
nology and Director of the Samuel Cate 
Prescott Laboratories of Food Technolog 
at M.I.T., has been acting head of the 
department since January 1951. 


Transportation of Sediment has been 
chosen as the theme of the Fifth Hvy- 
draulies Conference to be held at Iowa 
City, Iowa, June 9-11, 1952. This series 
of triennial conferences is sponsored by 
the Iowa Institute of Hydraulic Research 
of the State University of Iowa. Topics 
of the six half-day sessions will include 
problems of laboratory and field measure 
ment sedimentation in canals, rivers, es 
tuaries, and harbors; and a tour of the 
Institute laboratories. 











Student Evaluation of Teaching Techniques 


By HARRY W. CASE 


Associate Professor of Engineering and Psychology, University of California at Los Angeles 


Introduction 


One of the problems that has constantly 
perplexed educators for a number of years 
is that of determining the most effective 
methods of teaching, in terms of learning 
ease and interest. These two factors un- 
doubtedly significantly influence the rate 
at which an individual can acquire mate- 
rial presented in a course. As an aid 
to teachers in formulating their course 
presentation, the Student-Faculty Evalua- 
tion Committee of the American Society 
for Engineering Education undertook a 
limited study of teaching techniques dur- 
ing the past year. The problem was ap- 
proached by undertaking to measure the 
attitudes of a sample of students toward 
methods now currently used in the teach- 
ing of engineering courses. Unfortunately, 
the vast array of courses taught in an 
engineering college and their complexity 
in terms of content material made it im- 
possible to design a survey for the specifie 
purpose of measuring the most effective 
method of presentation for a particular 
subject. Therefore, the survey was de- 
signed to cover only the broadest aspects 
of presentation. 


Subjects 

The subjects used in the study con- 
sisted of some two hundred and nine 
engineering students divided among six 
universities—Bradley University, North- 
western University, Ohio University, Penn- 
svlvania State College, the University of 
California, and the University of Illinois. 

The problem was approached by asking 
members of the Committee to distribute 
questionnaires to their engineering classes 
with the request that the students complete 


the form to the best of their ability. The 
questionnaire was divided into two parts: 
the first of which consisted of rating a 
number of deseribed teaching methods for 
interest and ease of learning. These were: 
(1) the uninterrupted lecture, (2) lecture 
combined with recitation, (3) the entire 
course based on problem sets, (4) course 
constructed around student projects, and 
(5) course including lecture, recitation, 
problems, and student projects. In the 
second section provision was made for the 
student to introduce his own ideas into the 
evaluation by having him first rate the 
effectiveness of teaching devices; second, 
determine the time that 
should be allotted for various types of 
presentation; and third, furnish informa- 
tion concerning the most effective and 
least effective methods of teaching he had 
encountered. 


percentage of 


Results 

If we examine the teaching methods listed 
in Table I and the relative ratings assigned 
to them by the students, it is apparent 
that the more diversified the method of 
presentation is, the higher it ranks in 
terms of the students’ evaluations. For 
example, the highest single rating given to 
any of the listed methods was assigned to 
the presentation which combines lecture, 
recitation, problems, and student projects. 
Following this is the method in which the 
course is constructed around student proj- 
ects and the uninterrupted lecture which 
uses material that is supplemental to the 
text, both of which rank comparably. 
Next in ranking is the lecture based on 
supplemental information combined with 
recitation, and finally the teaching tech- 
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STUDENT EVALUATION OF TEACHING TECHNIQUES 


TABLE II 


EFFECTIVENESS OF TEACHING DEVICES 








1 
Lecture 41% 
Problems 28% 
Recitation 5% 
Student projects 9% 
Film presentations 13% 
Other teaching aids | 4% 


nique in which the entire course is based 
upon problem sets with little or no com- 
ment concerning them. 

It will be noted that the students were 
critical of several lecture techniques. In 
particular, objections appear to exist to 
the form of lecture that is related pri- 
marily to the instructor’s field of research 
and has little to do with the text. This 
appears to hold true even though the 
lecture is broken by recitation. Similarly, 
although not to the same degree, the tech- 
nique of simply following the text is con- 
sidered to be only average. It would be 
interesting to see whether this technique 
was preferred by the better or the poorer 
students. 

Analysis of Table I seems to point to 
the conclusion that the students like prob 
lem sets when they are related to the next 
day’s assignments by means of a critical 
analysis by the instructor. Conversely, 
they dislike, from the interest and learn- 








. | 
25% 20% 8% 1% | 3% 
41° 19% 6% 5% 1% 
17% 25% 25% | 15% 13% 
16% | 21" 26% | 21% | 7% 
15% 16% | 19% | 29% | 8% 
5% 13% | 10% , 


13% | 55% 
| 


ing ease standpoint, the technique of hav- 
ing problems placed on the board with 
little or no comment. 

The first question in Part II of the 
questionnaire (Table II) consisted of ask 
ing the individual to place a number from 
1 to 6 in front of each of six items—1 
being the most effective and 6 being the 
least effective. It will be noted that the 
students distributed the items in the direct 
sequence in which they were presented. 
It is possible that the material was ar- 
rayed by chance in the sequence in which 
the students did select it. However, it 
must be remembered that the actual ar- 
rangement of the items may have in- 
fluenced their judgment. The second ques- 
tion in Part II read: “Assuming that the 
total amount of study for any given course 
equals 100%, how would you distribute 
the time on a percentage basis for the 
following activities?” Lecture was as- 
signed 35%, recitation 15%, problem sets 


TABLE III 


Most ErrectTivE Metuop or TEACHING 


(Showing percentage of total students listing the method) 


Lecture and problem sets | 39% 
Straight lecture | 18% 
Straight problems 11% 
Projects, lecture, and problems | 5% 
Lecture and film | 5% 
Projects and lecture | 4% 
Straight projects | 4% 


All techniques combined | 8% 





Lecture and recitation | 3% 
Lecture and few problem sets | 2% 
Projects and problem sets | 2% 
Lectures and many problems | 2 

Few projects, lecture, and problems | 1% 
Projects, lecture, few problems | 5% 
Lecture and laboratory | 5% 
Visual aids alone | 5% 
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TABLE IV 


LeAsT ErrectivE Metuop or TEACHING 


(Showing percentages of total students listing the method) 


Uninterrupted lecture (non-deviating | 22% 
from subject) 


Lecture entirely on text material 20% 
No (vague) explanations 8% 
Deviation from lecture (much) 8% 
All problems placed on board 6% 
Entirely problem sets 6% 
All recitation 5% 
Problem results not given 5% 
No problems at all 1% 
Dull, abstruse lecture 3% 


27%, student projects 13%, other home- 
work 7%, and other 3%—the total equal- 
ing 100%. This it should be noted is in 
general agreement with the other results. 

The results to question 3 (Table III) 
which read: “In my experience and con- 
cerning the ease of learning and interest, 
the most effective method of teaching I 
have encountered .has been—,” indicate 
that lecture and problem sets, straight 


lecture, and straight problems are the 


most common selections. It should be 
noted that in general the information 


furnished was, unfortunately, not capable 


Teacher lacks preparation 3% 
| Class lacks participation 37 
| All theory, no practical application 3° 
| Entirely projects 1m 
Teacher answers questions the entire | .7°% 
period 
No homework 7 
Lectures from records mS hY/ 
Lecture and problem sets 3° 
Lecture and laboratory oS 


of being compiled in the exact form in 
which it was returned but had to be 
divided into categories for the purpose ot 
computing percentages. 

The question in Part II (Table IV) 
which read: “In my experience and con 
sidering the ease of learning and interest, 
the least effective method of 
have encountered has 
swered by the uninterrupted, non-deviat- 


teaching I 
been Cad was an 


ing lecture being selected by 22%, and 
lecture entirely on the text by 20% of the 
students. 

Question 5 of Part II asked whether the 


TABLE V 


CHARACTERISTICS OF AN OUTSTANDING TEACHER 


Knows subject 14% 
Good presentation OX 
Enthusiasm regarding subject 7% 
Understands student 6% 
Sense of humor 6% 
Good voice 5% 
Interested in student problems 5% 
Has personality 5% 
Experience in field taught 4% 
Friendly 4% 
Helpful to students 3% 
Not egotistical 3% 
Answers questions satisfactorily 3% 
Relates subject to life 3% 
Good appearance 2% 


Simplifies ideas 2% 


(Showing the percentages of the total students listing method) 


Logical presentation 2% 
Available to students 2% 
Organizes material 2% 
Impartial | 2% 
Patient | 2% 


2 
~ 


Commands respect 
No “unrelated” talks 


1 
Poise 1% 
Intelligent 1% 
Fair grader 8Y, 
Sincere 87, 
Good examinations A 
Does not lose temper 5% 
Strict 7 
Uses easy terms AZ, 
Honest 1% 








most effective or the least effective meth- 
ods of teaching in their experience were 
dependent upon the personality of the in- 
structor. To this question 709% indicated 
ves, 29% indicated no, and 1% qualified 
it as partly. 

The final question of Part II (Table V) 
asked the students to briefly describe the 
characteristics that they thought made an 
outstanding teacher. The most frequent 
qualities were those related to a knowledge 
of the subject and the presentation, while 
the least important items were those re- 
lated to grading, examinations, and other 
details of organization. 

An examination of the compiled mate- 
rial indicates the impossibility of drawing 
conclusions that will apply to any one 
subject. The students’ indication of the 
importance of personality in relationship 
to the method of teaching should afford 
clues as to why the assigned rating per- 
centages differ so widely. The survey 
gives us much to reflect upon when we see, 
from the students’ viewpoint, the undesir- 
ability of having an instructor spend the 
entire period on problems with solutions 
placed on the board with little or no com- 
ment about each problem. From the stu- 
dents’ viewpoint there are certain tech- 
niques that are more desirable as mo- 
tivators in the ease with which they enable 
them to learn the specific material. 

However, before we make any general- 
ized conelusions as to the validity and 
reliability of a study of this nature, it 
should be pointed out that in the first 
place this type of study does not afford an 
indication of the actual knowledge a stu- 
dent will take with him from a course as 
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a result of a specific teaching technique 
but rather reflects the student’s viewpoint 
of the ease with which he ean learn mate 
rial and the motivation that aids him in 
acquiring this information. Before even 
any tentative generalizations can be made 
concerning the other assumptions, that is, 
that a student actually acquires a greater 
amount of knowledge under one technique 
than under another, it will be necessary to 
determine the interrelationship of grades 
to teaching methods. 


Conclusions 
The following conclusions are tentative 
and based only on the students’ viewpoint 
and do not necessarily reflect the actual 
learning that takes place: 


1. A course that includes lecture, recita- 
tion, problems, and student projects 
is the most desirable in terms of 
learning ease and interest. 

2. A course in which the instructor uses 
the entire period for having students 
place assigned problems with solu- 
tions on the board, with little or no 
comment about each problem, is one 
of the least desirable techniques. 

3. About 35% of the total time involved 
should be devoted to lecture, about 
27% of the total time to problem 
sets, 15% to recitation, 13° to stu- 
dent projects, 7% to other home- 
work, and about 3% to additional 
activities. 

1. The students believe that the method 
of teaching, in terms of its effective 
ness, is dependent upon the personal- 
ity of the instructor. 














A General Curriculum for Agricultural 
Engineers* 


By L. W. HURLBUT 


Chairman, Department of Agricultural Engineering, University of Nebraska 


The prime responsibility involved in 
planning for a college education centers 
in the preparation of students for subse- 
quent continuous development in their 
chosen field and good community life. 
Whatever contributes significantly to this 
end deserves our wholehearted support. 

In Agricultural Engineering, we are 
relating a complex profession to a most 
complex industry. Yet, there is ample 
evidence to indicate that we need not la- 
ment the fact that there is insufficient time 
in our undergraduate curriculum for all 
the “good” courses that could be offered 
in engineering and/or agriculture. It 
behooves us to be very selective in pre- 
paring a series of well-integrated courses 
and presenting them with enthusiasm. 
The curriculum must be planned to de- 
velop intellectual maturity for the student 
with due consideration of time and money 
involved. 

More specifically, our ultimate objective 
is to produce good Agricultural Engineer- 
ing graduates in possession of a relatively 
high degree of intellectual maturity in- 
cluding good fundamental training, an 
enthusiastic attitude toward their work, 
and a full confidence in their ability to 
vet the facts necessary to solve problems 
and get jobs done. A graduate Agricul- 
tural Engineer who needs a course before 
he ean attack a new problem lacks in 
such maturity. 


* Presented at the Agricultural Engineer- 
ing Conference at the Annual Meeting of 
the ASEE, East Lansing, Michigan, June 
28, 1951. 


Factors Involved in Planning 


A General Curriculum 


The main factors involved in planning 
a general engineering curriculum appear 
to be about the same as those involved 
in planning any other curriculum. They 
include the student, the instructor, the 
course plan, and the primary field of in 
terest during and subsequent to college. 
The curriculum itself is merely the plan 
by which the philosophy of the college, 
the department, or the profession is im 
plemented. 

The student brings personality, chat 
acter, ambition, resourcefulness, and tech- 
nical ability in varying degrees of de- 
velopment. He commonly selects Agri 
eultural Engineering because of an in- 
terest in solving problems of a physical 
nature and a deep interest in agriculture 
and rural people. The problems he knows 
as a pre-engineering student may or may 
not be those with which the Agricultural 
Engineer is daily involved—but, neverthe 
less, past events influence his choice. As 
a freshman, he may bear some dislike for 
the requirement that time be spent on 
courses other than the chosen field. There- 
fore, one of the first things to be learned is 
that an engineering education in a democ- 
racy must recognize three distinct areas of 
interest and development. The first area 
deals with him as an individual; the 
second with him as a citizen or one of a 
group of workers; and the third with him 
as a Professional Engineer. Broad in- 
terests generally are not inherent in most 
high school graduates so it is up to the 
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college teacher, and the curriculum, to 
provide for the stimulation of these in- 
terests. 


Teacher is Important Factor 


The teachers will probably rank second 
in importance to the student and greater 
in importance than the curriculum. The 
statement that the teacher is a very im- 
portant factor in a program of education 
is well substantiated by interviewers who 
consistently claim that they can quickly 
spot student interests paralleling those of 
the influential instructors. The teachers 
and their courses in the curriculum must: 


1. Transfer the requisite factual in- 
formation to the student. 

2. Develop confidence in his ability to 
learn; good engineering teaching is 
generally considered to be the de- 
velopment of the student’s ability to 
do things for himself. 

3. Develop the student’s confidence in 
his ability to discriminate among 
values and make intelligent judg- 
ments. 

4. Improve his methods of expression 
through speaking, writing and draw- 
ing. 

5. Help develop character, personality, 
and citizenship. 


These requirements definitely suggest 
a general curriculum and good instructors. 
The ideal instructors for courses in a gen- 
eral curriculum are not easy to find. First 
of all, they should be scholarly specialists, 
vet, each have a broad outlook and an 
engaging personality. They should be 
skillful and inspiring teachers and have 
an active interest in public affairs. They 
should be engaged in research, and have 
an interest in administrative procedures. 
They should have industrial or profes- 
sional practice as a background for select- 
ing practical applications wisely, and 
presenting practical experiences vividly. 
It is evident that there must be some com- 
promise with the faculty as well as with 
the curriculum, but this situation need not 
alter our aims and ideals. 
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The curriculum torms the steps toward 
achievement of intellectual competence 
and maturity. Three stages of student de- 
velopment can be fairly clearly recognized 
in the technical part of our general cur- 
riculum. In the first stage, the student 
learns facts. The second stage involves 
the selection of facts and the fitting of 
them together into an organized whole. 
The third stage develops the disciplined 
ability to discriminate between: facts, an- 
alyze situations, and basie practice in 
creative ability—that is, to devise solu- 
tions to relatively complex problems. 

In a program of such progressive gen- 
eral development, the courses must be 
arranged in well integrated sequences with 
each advanced course building on funda- 
mentals already developed. The content 
of each course must be planned to keep 
fundamental laws before the student and 
to provoke the realization that complex 
problems involve a number of less com- 
plex elements. The objective is eon- 
tinuity of experience expressed in the 
various phases of study. 


MINIMUM REQUIREMENTS FOR THE AGRI-— 
CULTURAL ENGINEERING Group (2) 


Agriculture and Agricultural En- 
gineering—Agron 53; Agr. Op- 
tions, 9 hrs; AE 5, 7, 123, 223, 
225, 243, 244, 254 

Mathematics 14, 16, 17, 105, 106, 
107 19 hours 

General Engineering—EM 1, 2, 3, 

4, 121, 225; CE 219; EE 101; 


41 hours 





Eng. 1, 50, 100 24 hours 
Physies 103 and 104 10 hours 
Chemistry 3 and 4 6 hours 
English Usage—Eng. 3, 4; Speech 

111 9 hours 
Military or Naval Science 4 hours 
Non-Technical Options 15 hours 
Technical Options 8 hours 
Orientation (freshmen) 0 hours 

Total 136 hours 


It is important to note that our gen- 
eral curriculum: plan suggests that a cer- 
tain amount of specialization is necessary 
in order to prepare the student for the 








m 
ne 
be 
th 








GENERAL CURRICULUM 


This condition 
judicious compromises 


more complex problems. 
that 
be made in developing both broadness in 
thinking and broadness in subject matter. 
Broadness in thinking comes in building 
new elements, through the various phases 
of Agricultural 
physical sciences, mathematics, basie en- 


necessitates 


Engineering, upon the 
gineering courses, economics, and human- 
ities. 
between the applicational and theoretical 
aspects of the subject matter. It is im- 
portant to recognize that student engi- 
neers are basically intensely 
people and they expect practical features 
to appear in the college course work. 
Furthermore, before acquiring a mature 
status, the new graduate must generally 
serve some time as a sub-professional and 
at this level he may be called on to produce 
in competition with craftsmen from trade 
schools. Therefore, he must have limited 
confidence in, and basie practice with, 
the tools and methods of the craftsman. 

The curriculum adopted by our faculty 
begins the development of broad versatil- 
itv in the freshman year. The start is 
made in a course entitled “Introduction to 
Engineering” presented by Dean R. M. 
Green and his staff. The course deserip- 
tion reads, “Survey of requirements in the 
various fields of engineering; services per- 
formed by and ethical 
implications of the practice of engineer- 
fundamental 


There must also be a proper balance 


pract ical 


Engineers, civic 


ing, characteristics of the 
requirements.” Subsequently, the student 
selects fifteen hours of “non-technical” 


electives which are at the level of his 
college standing. 

The climax to work in the three areas, 
aforementioned, comes in Engineering 
100, a senior course, again presented by 
Dean Green and staff. The course deserip- 
tion reads, “Professional relations, per- 
sonal requirements, civic responsibilities 
and ethical obligations for engineering 
practice. Legal registration of engineers 
and architects. Sub-professional and pro- 
fessional services. Changing conditions in 
engineering practice. Requirements for 
placement in engineering.” The two 
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courses, Engineering 1 and 100, serve as 
the framework which binds together the 
three distinet areas. 


Broad Versatility is Required 
by Employers 


Agricul- 
tural Engineers shows a very broad use 


The employment pattern of 
of their talents beyond the professional 
phases ol development and design; and 
this is an important element to be econ- 
sidered. 

for other 
For example, a 
from the International 
pany (1) indicates that in 1890 industry 
employed one engineer for every 300 other 


This consideration is important 
engineering too. 
report 
Harvester 


branches of 
recent received 


Com 


employees, whereas in 1950, one engineer 
was required for every 69 employees. 

An attempt has been made by Martin 
John Bergen (3) and others in the E. I. 
du Pont de Nemours and Co., Ine, 
Newark, Deleware, to evaluate the pro- 
fessional performance of a large number 
of workers representing the entire field 
The objective was 
to determine “work” 
function could be derived from Perform 
ance Rating data. The study indicates 
that eight variables grouped 
themselves naturally 


of engineering design. 


whether or not a 


important 


into two groups 
the first group consisted of those factors 
which were learned primarily by formal 
schooling, called “Ability and Knowledge” 
factors. These included: 

l. Knowledge. 

2. Analytical ability. 

3. Ability to learn new duties. 

4. Ability to write and speak clearly. 


The second group were ealled the “Psy- 


chological and Personality” factors and 
they were: 

1. Cooperation. 

2. Initiative and creativeness. 

3. Judgment and common sense. 


4. Supervisory ability or leadership. 

As expected, the various factors were 
found to be interdependent. It 
eluded that in the more responsible posi 


was ¢on- 
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tions the company was paying two dollars 
for the “Psychological and Personality” 
factors for every dollar paid for the 
“Ability and Knowledge” factors. The 
“Ability and Knowledge” factors pre- 
sented practically no difficulty because 
these were the factors that had been 
specified and for which there was some 
measure. This study serves well to in- 
dicate the importance of the “Psycho- 
logical and Personality” factors. These 
latter factors are extremely important to 
the individual, his family, and industry. 
They are intimately associated with group 
attitudes. The striking contrast between 
problems relating to technical efficiency in 
industry on one hand and matters of 
human cooperation on the other is well 
recognized in the general curriculum. 
Furthermore, the formal requirements of 
the curriculum are adequately supported 
with opportunities and obligations in the 
extra-curricular life of the student engi- 
neer. This latter feature is also an im- 
portant factor to be considered in helping 
a student plan the use of his time in 
college. 

A review of the present placement of 
the 196 Agricultural Engineering grad- 
uates from the University of Nebraska 
indicates that they have the basic training 
necessary for entry into almost every field 
where there are problems of maintenance, 
production, development, design and dis- 
tribution. Their assets are a good basic 
engineering tiaining, fundamental train- 
ing in non-engineering courses important 
in their living and working, and a farm 
background where they have had many 
opportunities to solve real problems re- 
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quiring thinking in terms of economic 
results. 
Summary 

1. No practical undergraduate curric- 
ulum can provide all the training neces- 
sary to the graduate in his subsequent life, 
and it is impossible to predict his future 
activities aceurately. The study plan 
needs to provide only limited opportunity, 
if any, for specialization. A real problem 
in curriculum and course planning is to 
determine what fundamentals are im- 
portant. 

2. If the graduate is trained in broad 
fundamentals properly supplemented by 
practical applications in his general field 
of interest and instilled with a burning 
enthusiasm for engineering work in that 
field, it is quite likely that he will grow 
thereafter with additional study as the 
needs of his life unfold. 

3. A graduate program based upon ad- 
vaneed technical subject matter should be 
available so that more specialized study 
may be pursued with a vigor consistent 
with such preparation. 

4. The student, the teacher, the ecur- 
riculum, and the employer should be 
guided in their judgments by the fact that 
the undergraduate curricula and college 
life are near the beginning, not the end, of 
an engineering career. 
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Doctoral Study in Industrial Engineering * 


By NORMAN N 


Associate Profe ssor of Managemen 
Doctoral study in industrial engineering 
Prior to World War 


LI, very lew schools had organized in 


is relatively new. 


structional programs leading to doctorates 
in industrial engineering and few doctoral 
degrees in this field were awarded. Some 
indieation of the growth in this field is 
given by the fact that in 1933-34, no 
doctorates were awarded in industrial 
engineering whereas four doctorates were 
awarded in 1948-49 and three were 
awarded in 1949-50. There 


doctoral students in industrial engineer 


were five 


ing in 1933-34 whereas there were fifty- 
nine in October 1949 and there were forty- 
three in October’ 1950. 

To obtain 
among a 
doctorates in 


data on eurrent practice 


number of schools awarding 


industrial engineering, a 
questionnaire was sent to the eight schools 
reporting doctoral students in the ASEE 

U.S. Office of Education annual enroll 
ment survey 
the following 
University, State College, Johns 
Hopkins University, New York Univer- 
sity, Ohio State University, Pennsylvania 
State College, and Washington University 
(St. Louis). 

The practices and experiences of these 
schools are generally quite new. Many 
are still in the process of developing their 
approaches to the questions discussed in 
this paper. It is hoped that this diseus- 
sion of some of the problems and present 
practices will prove helpful in the further 
development of effective doctoral study 


Replies were received trom 
Columbia 


seven schools: 


lowa 


programs in industrial engineering. 

* Presented before the Industrial Engi 
neering Division at the 59th Annual Meeting 
of the ASEE, June 25-29, 1951, in East 
Lansing, Michigan. 
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The aims of doctoral study in industrial 
enginet ring may be categorized as fol 


lows: 


l. The extension of the technical knowl 
edge and competence ol the candidate 
in the fields of industrial engineering 

high level that he 


may be considered to have mastered 


to a sufficiently 


the principles important to practice 
in these fields. 
2. The equipment of the candidate with 


substantial tools for seientifie anal 

ysis and independent rational ex 
ploration and performance in indus 
trial engineering fields. 

3. The contribution by the candidate to 
knowledge ot 


industrial engineering. 


a particular phase of 
This last aim 
is usually served by the performance 


oft an original investigation. 


adequately ac 


School has 


these 


When a 


complished aims in its doetoral 


training, it will award doctoral degrees 
to candidates who are able to: reeognize 
industrial engineering problems wherever 
they exist; discern the true nature of the 
problems; devise an intelligent approach 
to the solution of the problems ; execute 
the investigations required by this ra 
tional conception of the problem solution ; 
design effective and efficient experiments 
to test the validity and reliability ot his 
solutions; colleet and digest his data; cor 
rectly analyze and properly evaluate the 
results of his experiments; record his re- 
sults and conclusions in a clear manner 
which is understandable to his fellow in 
dustrial workers; and give effect to his 
conclusions by selling himself and his ree- 
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ommendations and by following through 
with training and installation of pro- 
cedures where required. 

The survey disclosed differing emphases 
on some aspects of these goals by various 
schools. One department considered its 
principal goals “the development of men 
who can think independently; can bring 
au creative viewpoint to the analysis of 
problems; can use the English language 
with correctness and facility in exposition ; 
have sufficient fundamental knowledge of 
the field and the surrounding fields to be 
competent in the evaluation and/or direc- 
tion of research in the field.” Another 
department considered its purposes “to 
train industrial engineers of full profes- 
sional competence, with a sound science- 
humanities background including psychol- 
ogy, sociology, economies, et cetera. The 
goal of such people should be to improve 
present inadequacies in industrial engi- 
neering practice by research and applica- 
tion.” A third stated its objectives more 
broadly: “to qualify candidate for un- 
usually successful industrial career; to 
qualify candidate for teaching career; to 
contribute significantly to fund of knowl- 
edge in Industrial Engineering or In- 
dustrial Psychology.” 


Responsibility for Personality Training 


It is apparent that, by and large, the 
various departments feel that their aim 
is to educate rather than train—to pro- 
mote the study of fundamental principles 
which are capable of broad application 
and which will develop the capacity of the 
individual to perform successfully in in- 
dustrial engineering fields rather than the 
acquisition of skills in the use of special- 
ized techniques. A mature personality 
with abilities for cooperative action as 
well as creative independent thinking and 
scientifie curiosity is important in the en- 
largement of the individual’s performance 
capacity. 

However, opinion on the question of re- 
sponsibility for personality training of 
doctoral students is quite varied. Two 
departments replied that they considered 





that they had a responsibility for per 
sonality training and one of them ineluded 
specifie course work. Two others con- 
sidered that they had a responsibility for 
bringing any personality deficiencies to 
the student’s attention for his own cor- 
rective action. One school was not too sure 
if it had any responsibilities for personal- 
ity training and one stated emphatically 
that it had none. Another asked “ean 


you ‘train’ personality ?” 


Screening Procedures 


Not all industrial engineering students 
are likely material for doctoral study. 
While many of the abilities previously 
outlined can be aequired through study 
and training, the candidate must possess a 
certain minimum of inherent creative 
powers if he is to successfully complete ¢ 
high calibre doctoral program. 

With small numbers of full-time stu- 
dents, informal methods of restricting en- 
roliment to qualified persons may fre- 
quently be adequate. With the larger 
number of students currently seeking ad- 
vanced degrees in industrial engineering, 
many on a part-time basis, formal sereen- 
ing procedures are required to maintain 
high standards of scholarship in doctoral 
studies and to save the time and efforts of 
persons who are not endowed with the 
necessary qualifications. This screening 
process is most effective when it exerts 
its principal effects at the earliest stages 
of doctoral study. 


Admission to Graduate Study 


Admission of doctoral students to grad- 
uate study is generally limited to properly 
qualified students on the basis of the 
satisfactory completion of minimum ac- 
ademie undergraduate requirements. The 
student’s undergraduate record, his stand- 
ing in his graduating class, and the 
recommendations of his instructors are 
all used to varying degrees to ascertain the 
qualifications of the student. 

Five of the seven schools require an 
undergraduate degree in engineering. 
Four of these five schools have definite 
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specified 


undergraduate require- 
ments whereas the other three schools ap- 


eourse 


pear to have rather flexible requirements. 
The four schools require that, in addition 
to meeting all undergraduate prerequisites 
tor graduate student must 
complete specified undergraduate indus- 


courses, the 


trial engineering courses in such fields as: 
industrial organization and management, 
engineering economies, statistics, account- 
ing and cost accounting, production and 
factory planning, motion and time study, 
quality control, psychology, physiology, 
et cetera. No school requires all of these 
and the 
variations. One school reports an attempt 
to break away from formal, rigid ad- 
mission standards, requiring only “a broad 
general stipulation ot 


courses emphases show wide 


science—human- 


eae 
ities. 


Admission to Candidacy 


All schools give examinations for admis- 
sion to candidacy. The examinations are 
comprehensive, covering a 
industrial related 
fields. They are written by the depart- 
ment staff (plus, in some cases, members 


wide area of 


engineering and some 


from other departments concerned with 
the doctoral courses of study) and there 
fore reflect, to some extent, the point of 
view and interests of these persons. 

The subject emphasis on these examina- 
tions show some basie uniformity with 
quite a variety of stress given to fringe 
fields. 
schools appear to give an important role 
to what is normally called industrial or- 
ganization and management. 


As would be expected, all seven 


Six schools 
mention some aspects of economies: four 
specify engineering economy, one political 
economy, and one does not specify the 
kind of Four departments 
mention the following subjects: produe- 
tion planning and psychology, 
quality control, fields. 
Three mention the general field of meth- 
ods study (work simplification and mo- 
tion and time study). Two mention 
statistics, personnel, safety, and mathe- 
maties. Other fields mentioned by in- 


economics. 


control, 


and accounting 
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dividual schools inelude tool design, in- 
dustrial experimentation, and industrial 


forecasting. This tabulation gives a rough 


picture of the fields covered in the doctoral 


qualifying examinations. The- subjeet 
matters. of the fields overlap and _ the 
amount of emphasis within each school 
was not considered. 

Two schools mention that they give a 
case problem type of examination At 
one of these schools (N. Y. U.), an actual 


company is chosen and, with some mod 

ifications, a descriptive package is pre 

pared on the products, markets, facilities 
; : 

and layouts, personnel, production meth 

and 

history, product design and development, 


ods, organization, financial status 
inspection and quality control procedures, 
sales and marketing policies, et 
This package is mailed to 
weeks 


cetera. 
the candidate 
the date of 
The candidate is then 
questioned in both the written and oral 


several in advance of 


the examination. 


portions of the examination to determine 


his technical competence in the 
fields ot 


ability to integrate and apply his know] 


Various 
industrial engineering and his 
edge to this company’s problems. 

The 


may frequently be more revealing of the 


oral portion of the examination 
than 
part allows the 


examiner to determine more thoroughly 


and 
because it 


candidate’s abilities capacities 


the written 


the limits of the student’s understanding 


of the problems. Thus five of the seven 
schools reported that their examinations 
both 


One gives a 


for admission to eandidaey have 


written and oral portions. 
examination but the examining 
committee may give an oral examination 
it it Another 


school’s examination is entirely oral. 


written 


deems one necessary. 


Research and Thesis Requirements 
The 


purposes: 


thesis undertaking serves several 
it provides a medium for dis 
ciplining the candidate in logical methods 
of thought as well as for maturing and 
testing his research ability; it provides 
training in effective self-expression; and 
it furnishes a mechanism for promoting 
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independent investigations for extending 
the boundaries of knowledge in the field. 
In general, the doctoral thesis should be 
related to the individual’s interests and 
occupational plans as closely as possible 
because it will then have a funetional 
interest and meaning to him which may 
otherwise be lacking. 

Satisfactory definition of what is an 
acceptable research undertaking is dif- 
ficult. Some quotations from the schools 
indicate the trends in industrial engineer- 
ing departments: “Thoroughly competent 
study of a definable section of industrial 
management; the production of a valid 
contribution to knowledge in that section; 
production of a publishable thesis or ab- 
stract of that thesis’; “(1) Original; 
(2) Fundamental rather than application ; 
(3) Laboratory investigation preferred 
to library research; (4) Philosophie de- 
velopment, ineluding hypothesis and ex- 
perimental trials to prove or disprove”; 
“T prefer advancements of general meth- 
odology and theory supported by experi- 
mental evidence.” 


Course Requirements 

Because the doctorate is not awarded 
on the basis of the accumulation of a 
given number of graduate credits, varia- 
tions in the minimum number of credits 
required for the degree are not of much 
significance. Many schools regularly re- 
quire more than the minimum number in 
their approted doctoral programs and the 
bases for evaluating and assigning credit 
points to graduate courses and research 
and thesis work are quite varied. The 
basic universal requirement appears to be 
three years of full-time work after the 
bachelor’s degree, of which approximately 
one year is supposed to be spent on re- 
search and dissertation (which may some- 
times be performed concurrently with 
parts of the two years of course work). 

Rigid course requirements for the doc- 
torate reduce programming flexibility. 
Superior students are required to cover 
material in which they are already pro- 
ficient. Candidates with unusual interest 
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combinations are discouraged from fol- 
lowing a logical, but out-of-the-ordinary, 
program. Only three of the seven schools 
require that all doctoral students take a 
specified list of graduate courses, varying 
from four to eight courses. These course 
requirements correlate quite closely with 
the subject emphases on the Admission 
to Candidacy examination. The remain- 
ing four schools do not presently have 
such course requirements. One of these 
latter schools indicates that it very def- 
initely seeks an absence of the rigidity 
which such requirements impose. 

Five schools have a requirement that 
courses be taken in one or more minor 
fields. .Two of these five recommend, but 
do not always require, two minor fields. 
One of the schools which does not require 
a minor advises its students to take minors 
in economics and psychology. 

Seminar type of instruction is used 
extensively by most departments. 
school which has small enrollments, all its 
instruction approaches the seminar type. 


In one 


Another department uses the seminar 
type instruction practically all the time 
after the first post-bachelor year. As 
might be expected, the schools with the 
large enrollments do not appear to use 
seminar type instruction to anywhere near 
as great an extent as those with smaller 
enrollments. 


Experience and Personality Requirements 

One school requires that the doctoral stu- 
dent have “substantial professional experi- 
ence.” This usually means about five years 
or more, but it allows for weighting ae- 
cording to the nature of the experience. 
Another has no defined requirements, but 
will allow experience to be substituted for 
undergraduate course deficiencies. The 
other schools have no experience require- 
ments, although one reports that all can- 
didates in the past have had experience. 

Three of the seven departments stated 
that their doctoral students are supposed 
to have personality characteristics indica- 
tive of successful professional perform- 
ance, These schools indicated that they 
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considered personality characteristics to 
the extent that they will affect the can 
didates’ professional careers. One of the 
four who reported no requirements an 
swered the question of whether it thought 
a school should have them with the reply: 
“Yes if valid requirements could be estab 
lished. How do you do it?” 


Language Requirements 
All schools have foreign language re 


quirements for the doctorate. 
quire one language, three 


Three re 
require two 
languages, and one requires either a eom 
prehensive knowledge of one or a diction 
ary knowledge of two. 

Opinion was divided on whether these 
language 
valid or might be considered a relie of the 
past. Most departments seemed to incline 
toward the latter “Essentially a 
hurdle.” “Should be eliminated in favor 
of additional 
Two other schools considered the language 


requirements are correct and 


view. 


course work or research.” 
requirements a relic to some extent, but 
these thought that it might be 
worthwhile for training men of 
perspective. 
in favor of the requirement, emphasizing, 
however, that steps must be taken to make 


one of 
broader 
Only one school was strongly 


it significant. 


Breadth Knowledge 
There 
was a time when the family doctor worried 
about and eared for the entire body of his 
patients from infancy through old age. 
Nowadays, the baby is delivered by an 


and Integration of 


Ours is the age of specialists. 
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obstetrician and is eared for in infaney 
childhood by a You 


consult one doctor about your throat, an 


and pediatrician. 
other about your nose, and a third about 
vour ankle. 
this procedure: with the increasingly e1 


There is much to be said for 


vl 
larged boundaries of knowledge, it is dif 
ficult for a man to become expert in more 
than one or a few specialties. There is 
thus a growing tendency for each person 
field 
tivate his own little garden. 

This high 


modern 


to narrow his and intensively eul 


degree of specialization in 


our industrial society produces 
a serious coordination problem. Is the 
treatment of the nose coordinated with the 
the throat? 


ankle, 


consider its relation to the foot? 


treatment of In considering 
the doctor 
In other 


words, does the doctor have perspective? 


does 


problems of the 


Everywhere, including our own field of 
industrial engineering, there is a growing 
army of specialists who lack perspective 
Doctoral study programs are contronted 


with the problem of counteracting this 
The candidate 


pert in his chosen area of specialization 


trend. should become ex 
However, this should not be accomplished 
at the expense of a good broad perspec 
tive. The doctoral candidate should have 
breadth of knowledge in all fields of in 
dustrial engineering and management and 
should be able to integrate his knowledge 
of these specialized fields. He should he 
able to tie his thorough acquaintance with 
these specialized fields to the vast expanse 
of related human knowledge 
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Four Year vs. Five Year Engineering Course 


By GEORGE J. BARKER 


Chairman, Department of Mining and Metallurgy, University of Wisconsin 


I have been asked if I would discuss 
the four year educational program as com- 
pared to the five year course. First, al- 
low me to make it clear that I am not 
opposed to a five year program but that 
I am in favor of the four year plan under 
present unsettled conditions of our na- 
tional economy. All of us are entitled to 
our own opinions and beliefs and we 
should act accordingly when we build an 
educational program. However, we should 
be absolutely sure that our opinions are 
right and our plans are the very best of 
our thinking before we accept a program 
to be inflicted upon a young student enter- 
ing the engineering profession. 

I clearly remember many years ago I 
was a strong advocate of the five year 
scholastie program. I almost said the 
“five year plan” but hastened to change 
the wording in fear of being asked to 
appear before an investigating committee 
in Washington. It was at the annual 
meeting of this Society in 1939 at Penn- 
sylvania State College that the five year 
curriculum was discussed pro and con. 
One of the officers of the Society made the 
public statement in the meeting that, 
whether we liked it or not, the five year 
program was to be forced upon us and we 
would be compelled to accept it. I felt 
that this was an unfortunate statement 
because whenever you tell an engineer in 
the educational field he will be compelled 
to teach in a manner with which he is not 
in full agreement, you create an antagon- 
ism which can be a very destructive force. 
Personally, I feel the antagonism generated 
at that time prevented the five year course 
from being generally accepted by our 


engineering colleges. 


To me it is not a question of whether 
we teach a student for four or five years. 
The important point is what do we teach 
and how well do we impart knowledge 
and a desire to learn to the student. 


Present Curricula Out of Date 

Speaking personally, this is my own 
opinion and is not meant to east reflec- 
tions on any one. I am firmly convinced 
our present curricula, whether it be for 
four or five years, is completely out of 
date. When I entered the university the 
main mode of travel was by horse and 
buggy. Then came the auto, the airplane, 
and now the jet. We have made vast 
strides in our mode of living but ask 
yourself if we have made the same prog- 
ress in building eurrieula. If you examine 
the various programs for the freshman 
engineer you find most of us require 
English, Mathematics, Chemistry and 
Drawing. This is exactly the same pro- 
gram required thirty years ago. And why 
have we not changed it and kept abreast 
of progress? Is it because whenever we are 
about to change a program we examine 
the catalogs of like institutions and say, 
“This is what the others are doing”? This 
course of following blindly in the footsteps 
of others is not progress. If we are to 
keep abreast of the world as it is develop- 
ing today we must change our program. 
By change I do not mean to a five year 
course but, rather, a change in the present 
four year course. For instance, why 
should we not remove English from the 
freshman year? Such a proposal shocks 
you because you can hear the howl of pro- 
tests that immediately would arise. How- 
ever, if you will carefully examine the 
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question you must eventually arrive at 
the conclusion that there is no good reason 
for teaching English in the freshman year 
except that that is where it has always 
been taught and to change it would be a 
sacrilege. I can advance many arguments 
why it should be changed but the important 
one would be that the manner in which 
English is taught today to our freshman 
students is a practical waste of the stu- 
dent’s time—time which is so valuable and 
should be used to better advantage in the 
student’s curriculum. 


Teaching Assignments 

While I am on this subject of suggest- 
ing ways of making a better engineering 
course, could I give you one more example 
of what is wrong in our edueation work? 
Most of you are familiar with the eost of 
education and you know that it is common 
practice to employ many graduate stu- 
dents for part time instruction to keep 
down the cost. Most of these instructors 
are assigned to freshman instruction. I 
am fully aware of the advantage of hav- 
ing the pioneering spirit of youth and the 
experience of age on the teaching staff, 
but I am firmly convinced we are making 
a serious and costly mistake in our class- 
room teaching assignments. I would favor 
the assignment of the experienced teacher 
to the lower level classes and to grad- 
uate teaching, with the younger instruc- 
tors handling part of the upper classes. 
All of you have deplored the heavy 
casualty list of students in the first year 
in the universities. We pass it off by 
saying the student “just has not got it” 
and should be eliminated from further 
edueation. I say this is morally wrong. 
We should give the young student the very 
best of inspired instruction and salvage 
this staggering loss of humanity which is 
a disgrace to our educational system. 
There is an additional advantage to the 
proposed system of using younger in- 
structors to teach upper classmen. They 
would know it would be necessary to 
better prepare their class instruction and 
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this would materially improve their own 
knowledge of the subject matter 

I am sure many of you have been placed 
under some pressure recently by some of 
the propaganda which has been fed us, 
namely, technological developmer t, which 
has been so rapid recently that society has 
not been able to keep pace and adjust 
itself and that engineering should slow 
down until the social seiences can eatech 
up. Also, the engineer should include 
more humanistie and social studies in his 
program. This, as has been pointed out, 
could be done by lengthening the student’s 
time to five years in college. In general, 
I am opposed to this plan. As an engi 
neer you look at facts and base your 
decision upon these facts. So, let us 
examine the facts. By far and large, 
the greater number of students in colleges 
today are taking the humanities and social 
courses. 

For the past generation graduates of 
these courses have taken their place in 
society and, beeause of college training, 
have assumed places of responsibility. 
Presumably, many of them have entered 
publie service and it is only necessary to 
take a quick glance at the situation in 


Washington today to make us realize what 
a failure our general educational system 
has been. Today the plea is for the engi- 
neering students to take more humanistic 
and social studies so they may be better 
fitted to enter into the affairs of our na 
tional government. To me such a plea is 
not worthy of consideration by any clear 
thinging engineer. Our engineering grad- 
uates of today are far better trained for 
publie service than any other group of 
students. And why? Because we, by 
engineering training, have taught the stu 
dent to analyze the facts and then proceed 
on these facts in an honest manner. The 
one word, honesty, is the key to the whole 
situation. We teach honesty to ourselves 
and then honesty to others follows auto- 
matically. I repeat, the engineer is now 
receiving this training and because of it, 
he better understands the rights of others, 








and has a clear concept of the problems 
of humanity. 

And, so, I do not favor at this time 
addition of so-called social and human- 
istic studies to an engineering curriculum, 
but I do advocate the inclusion of engi- 
neering courses into the liberal arts cur- 
riculum so those students may at least 
have some contact with clear and logical 
thinking. By this same reasoning, I can- 
not agree that the five year course has 
some advantage over the four year course, 
simply because it allows more time for 
the- student to receive a more so-called 
liberal edueation. 


Strengthen Course Content 


Coming back to the main question of 
the four year curriculum, this should not 
be lengthened but the course content 
should be strengthened. With the present 
acute demand for graduates we should 
supply the need as rapidly as it is pos- 
sible to send out adequately trained men. 
With the high cost of living and the loss 
of present high wages paid to graduating 
engineers, you can estimate it will cost a 
boy, roughly, five thousand dollars to 
spend an extra year in college. This is an 
economic waste, provided we do a good 
job in teaching the student during the 
four years he is with us. Our engineering 
graduates enter so many various fields of 
endeavor, it would be impossible and very 
foolish to try to give complete and 
adequate instruction in every field which 
offers employment. Therefore, it 1s essen- 
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tial that our four years’ training be con 
centrated on a thorough mastery of the 
fundamentals of the various fields. We 
must not build a curriculum on eredit 
hours but upon course content. If the 
graduating student has received sound 
training in the fundamentals, his prospece- 
tive employer knows he ean give the 
graduate the necessary training to fit him 
for the position for which he was hired. 
In general, large industries which are hir- 
ing our graduates are not asking for more 
special training but actually will aecept 
less if the student has been well trained in 
the fundamentals. 

I am very willing to acknowledge some 
few students can and will benefit by 
longer training. If the particular in- 
dividual desires to specialize in a par- 
ticular field, to do advanced work or train 
for research, then he should enter the 
graduate school for this additional train- 
ing. Most universities have strong grad- 
uate courses and the additional training 
is available if desired by the few. 

In my early engineering training I 
readily learned the value of the courage of 
my convictions. Today I have the courage 
and, because of it, will be convicted by 
some of you. It has been a pleasure to 
inflict upon you some of my thoughts and 
ideas. I know many of you will not agree 
with me but I sincerely hope I have set 
forth ideas to which you will give careful 
consideration and by this consideration 
improve the quality of our engineering 


graduates. 


Electrical Engineering Summer School 


The Electrical Engineering Division will hold a Summer School at Dart- 


mouth College on June 20 and 21, 1952. 


The theme will be “Undergraduate 


Teaching of Electrical Cireuits and Fields.” Registration will be $1.50. 
For further details address Dr. J. C. Ryder, Electrical Engineering Depart- 
ment, University of Illinois, Urbana, Illinois. 
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The Electronics and Communications 
Options — Why? 


By J. D. RYDER 


Professor and Head of the Electrical Engineering Department, University 


It does 
curriculum options in electrical engineer 


not seem possible to diseuss 
ing education until we know what we are 
trying to accomplish, or what are the ob- 
jectives of electrical engineering eduea- 
We are given certain raw material 
the high What sort of 
produet do we wish to make of that mate- 


tion. 
from schools. 
rial four or five vears hence? If we have 
an answer to the type of product desired 
we are then in a much better position to 
ap 
plied to the material during the period of 
Industry, as cur customer, 
frequently tells us 
desire in that product, but they are in no 
position to indicate the manufacturing 


determine what processes should be 
manufacture. 


what qualities they 


processes we are to use. 

At the moment it appears that industry 
would like a graduate having two some 
abilities; namely, a 


what contradictory 


technical level of achievement consider 
ably higher than that expected 30 years 
ago, and the ability to live and work with 
other people. 
ademie efforts should be directed toward 
satisfying that demand. 


It has occasionally been said that an 


The objective of our ae- 


engineering education should be sufficient 
to enable a graduate to hold a job for a 
few years -until he could learn to be an 
If this is the objective of our 
teaching efforts we should so inform our 


engineer. 


students, since we are obviously not plan 
ning to deliver that which they expect. 
Such an objective appears to place some 
sort of a top limit on our teaching efforts 
since we seem to have stated that we are 
unable to prepare a man for anything 
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f Illinois 


more than a job immediately upon gradua 
hold 
trade 


tion. The training of a man to 


specific job is the objective of a 

school and not one which should be fitting 

to an institution of higher learning. 
Even if this statement were our actual 


objective it is not a desirable one sinee it 
that 


our 


seems to say our objectives are 


limited, that efforts 
complish so much, therefore why attempt 


to accomplish more? 


ean only ac 
It seems more desit 
able to have as an objective some state 
not a limit, 


coal, 


ment which furnishes a 
to our efforts. 


There are, of course, those who will 
argue that we cannot turn out engineers 


but can only teach engineering, and to 
some extent this is true; however, it ear 
also be argued that we should attempt to 
teach our engineering in such a way as to 
make the best possible engineers fifteen or 
twenty years after graduation, and it does 
not seem that the above objective supplies 
the for that 


teaching. 


proper incentive kind of 


Ob jecti 


It seems desirable to propose as an ob 


jective of electrical engineering edueation 


Upon completion of their college 
work, our graduates should be 


prepared to continue learning, to 


vrow with the field, and to go 
with that field as it moves into 
new areas of learning 


Our objectives are then stated so as to 


lead us on as a path into the distance 


rather than in a form which serves as 
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closed gate. Our graduates should be 
prepared to meet and solve new problems 
as they arise, which means that they 
should have understanding rather than 
superficial knowledge, and should be 
taught the fundamentals to many prob- 
lems rather than solutions to a few. We 
should prepare our graduates to meet and 
understand new systems and new devices 
as they arise, and should not allow to be 
again repeated the troubles of a 60 cycle 
power man upon the advent of radio and 
electronics. 

Much of the above seems to be an 
argument for the teaching of funda- 
mentals. It is then proper to ask—if only 
fundamentals are taught why are cur- 
riculum options necessary since the funda- 
mentals are the same for all? 

It seems that such a question carries at 
least an implied premise, and may imply 
agreement with a fallacy. That is, are the 
fundamentals in usable form really the 
same for all types of electrical engineer- 
ing problems? 

We might argue that an understanding 
of the reactances of the synchronous motor 
is fundamental to the study of that ma- 
chine for a power student. We could 
likewise argue that understanding of the 
orientation of the magnetic field in a TM,, 
excited wave guide is fundamental to the 
understanding of electromagnetic prop- 
agation in guides for a communication 
student. Thus the fundamentals are not 
the same for all since we ean hardly argue 
that a vice versa relationship of under- 
standing by our two hypothetical students 
is essential to suecess in their respective 
fields. 

If one wishes to argue that these two 
examples are not fundamental but are 
merely applications, it is possible to 
reason back step by step until one comes 
to the realization that the common ground 
for our two students and therefore the 
common fundamentals of the problem 
lie in the understanding of the transmis- 
sion of energy through electric and mag- 
netic fields. 

If only the fundamentals are to be 
taught in this area of knowledge, we will 
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teach our students that the energy in 
magnetic field is expressed by #H?/2 an 
the energy in an electric field is given by 
ek*/2. We cannot teach the students that 
the rate of flow of this energy through th: 
electromagnetic field is given by E X H o 
Poynting’s vector since someone will point 
out that is an expression used predom 
inantly in the communications area and i 
therefore not a fundamental for all stu 
dents. We might also attempt to teacl 
machines to our students by considering 
the magnetic field only, which is the usua! 
teaching method for machines, but om 
radio friends will immediately point out 
that there must be an accompanying elec 
trie field wherever there are time-or space 
varying magnetic fields, and therefore, 
such a consideration of the magnetie field 
alone is not fundamental. 

This dilemma might be resolved by a 
proposal to teach the true fundamentals, 
Maxwell’s equations, in which the actions 
of fields in synchronous machines or in 
the wave guide are mathematically de 
scribed. We can, of course, immediatels 
expect the power-interested faculty to 
argue that those equations have little use 
in the machine area. In return it might 
be stated without further proof that these 
equations are little used there, but actually 
could be of considerable help in certain 
anomalous situations. 


Fundamental Knowledge vs. Fundamental 
Methods and Techniques 

It seems proper to suggest that we are 
confused between the teaching of funda- 
mental knowledge and the teaching of 
fundamental methods and techniques to 
use that knowledge. Our fundamental 
knowledge may be considered as wrapped 
up in Maxwell’s equations, Newton’s laws, 
and the conservation of energy and mo- 
mentum, subjects which can be readily 
taught. However, as illustrated by our ex- 
ample of the students being taught mag- 
netic fields in machines and wave guides, 
teaching of only these common funda- 
mentals leaves our student ignorant of the 
higher level methods and techniques which 
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can make that fundamental knowledge 
useful. 

These methods on which we spend so 
much time may inelude complex algebra, 
veetor diagrams, graphical solutions, flux 
plotting, harmonie analysis, symmetrical 
components, the vacuum-tube equivalent 
circuit, the Laplace transform, and many 
more. It is these methods on which we 
concentrate and an electrical graduate 
would be in a rather poor position if we 
denied him these techniques. 

If we are willing to consider the teach- 
ing of these methods and techniques as 
necessary then we are faced with the 
necessity of curriculum options. Cer- 
tainly some of the methods given above 
are suited to specifie fields, and can be 
best taught when illustrated by applica- 
tions in those fields. 

In a field as broad as ours, it is neces- 
sary to have some division in order that 
the fundamental material may be suitably 
chosen and presented with a suitable view- 
point. In each area the fundamental 
knowledge must be restated, reoriented, 
and presented with the suitable viewpoint 
to be of use in connection with the funda- 
mental methods and techniques of the 
area. 

If we accept the definition that our 
“fundamentals” are composed of both 
knowledge and methods, then we seem led 
to the practical necessity for curriculum 
options. There seem to be at least four 
arguments to support the division of the 
field into at least the power and com- 
munieations or electronics options. 


Arguments in Favor of Options 


The first argument in favor of options 
is simply that we have always had an 
option in electrical engineering. Webster 
defines an option as “that which is of- 
fered for choice” and up until possibly 
fifteen years ago we offered the student 
an option in machinery and he was at 
liberty to take it or leave it. If he left 
it he could still become a mechanical engi- 
neer or physicist, and a few schools were 
quite blunt in telling their students so. 

A second argument is illustrated by the 


7 


“reductio ad absurdum” method employed 
in the little problem concerning synehro- 
nous reactance and the magnetie field in 
the wave guide, wherein it was necessary 
to go so far back into fundamentals that 
very little was left. In other words, to 
bring a man up to a suitably high tech- 
nical level in any field requires specializa- 
tion and the learning of special methods 
inherent to that field, although not neces- 
sarily the learning of special fundamental 
knowledge. The general technical level 
in electrical engineering has advanced very 
greatly in the last twenty years, and we 
find it necessary to carry our students up 
to that higher level if they are to be able 
to continue to grow in the field after 
graduation. 

It is also possible to teach the use and 
understanding of fundamentals through 
applications of those same fundamentals. 
A good student given Maxwell’s equa- 
tions ean find it possible to solve a great 
many field problems sent his way. A poor 
student must be shown how to apply these 
equations. To many people Maxwell’s 
equations mean very little in themselves. 
After being shown how to use them they 
become very valuable tools and in their 
use we learn to further understand and 
appreciate the original equations. Thus 
the teaching of the fundamentals becomes 
improved through the choice of proper 
applications. 

A fourth reason for options may at first 
hand appear trivial, but to anyone who 
has taught service courses, or who has 
taught machinery to electronics men, it is 
very definitely not trivial. This is a 
matter of student motivation—the driving 
force which makes a student want to learn 
and to understand the material being pre- 
sented in the course. Good teachers can 
frequently supply this in even the most 
uninteresting courses, but a poor teacher 
cannot, and thus anything we ean do to 
aid will be an improvement in the student 
learning process. An electronics student 
is interested in matters associated with 
electronics. He is not interested in the 
details of the design of a synchronous 
machine. He will study harder on an 
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electronics problem whereas his machinery 
hooks will be pushed aside. A power 
student is interested in machinery or in 
power transmission, and understanding 
of the mathematics of modulation means 
little to him. 

There is a danger present in the use of 
carried to such a point of 
specialization as to seriously limit the area 
of training of the student. We cannot 
know in what field a graduate may work 
five, ten, or twenty years after graduation, 
and rarely does the student have any firm 
In fact it 
can be said that ten years after gradua- 


options if 


expectations in this direction. 


ELECTRONICS AND COMMUNICATIONS OPTIONS 





WHY? 


tion the type of product manufactured by 
his company will be of little importance 
to him, and that the really important fae 
tors at that time will be the general 
business policies of the company with 
which he is associated, and the opportun- 
ities to grow and advance which are in- 
herent in his position. 

Thus a desirable statement of policy 
on options be—A minimum 
number of options is desirable, but the 
material chosen for any option should 
only be so narrow as to keep the student 
happy, and broad enough that there 
should be no damage to his edueation. 


seems to 


In Memoriam 
Charles Ellison MacQuigg 


Charles Ellison MacQuigg, past Pres- 
ident of the ASEE and Dean of the Col- 
lege of Engineering at Ohio State Univer- 
sity, died on April 24, 1952, in University 
Hospital, Columbus, Ohio. 

Dean MacQuigg was born in Tronton, 
Ohio, on January 19, 1885. He graduated 
from Ohio State University in 1909 with 
He was 
awarded the Doctor of Engineering De- 
gree by Clarkson College of Technology in 
1946. He served as an engineer for the 
Sante Fe Railway Company and the Ana- 
conda Copper Mining Company, 1909- 
1912. He was head of the Metallurgy De- 
partment of Pennsylvania State College, 


a degree in Mining Engineering. 


1912-1917. From 1917 to 1919 he was 
Captain, Ordnance Department, U. S. 
Army. During World War II he was a 


Lieut. Col. in Ordnance Reserve. He was 
affiliated with the Union Carbide and Car- 
hon Research Laboratories, Niagara Falls 
and Long Island City, New York, 1919- 
1937. 

He became Dean of the College of Engi- 
neering at Ohio State University on July 
1, 1937 Director of the Ohio State 
University’s Engineering Experiment Sta- 
tion. He was president of the American 
Society for Engineering Education, 1947- 
1948, and a member of the executive com- 
mittee of the Engineering Division of the 


and 





Association of Land Grant Colleges and 
Universities. He also had been a member 
of the National Research Council, and was 
currently a member of the Newcomen So- 
ciety of England, Sigma Xi, Tau Beta Pi, 
AIMME, ASM and AAAS. He was a 
Fellow of the Ohio Academy of Science 
and a recipient of the James Turner More- 
head Medal of the International Acetylene 
Association. He was a trustee of the 
Orton Foundation and a member of the 
board of directors and executive committee 
of the Ohio State University Research 
Foundation. 

President Howard L. Bevis of the Ohio 
State University Dean Mac- 
Quigg as follows: 


deseribed 


“No man was more loved by students, 
no man more respected by the entire 
faculty. 
himself 
cause in which he could be of practical 
He was a Christian gentleman who 
served science with distinction.” 


He was tireless in service. He 


gave without reserve to every 


help. 


Dean MacQuigg is survived by his wife 
and three sons: Dr. Rodger E. MacQuigg, 


M.D., a surgeon, of Albuquerque, New 


Mexico; Major David E. MacQuigg, M.D. 
S. Army at Ft. Riley, Kans.; 
Dallas, 


ot the U. 
and Charles H. 
Texas. 
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A Philosophy of the Science of Graphics 


By JOHN T. RULE 


Professor and Head, Section of Graphics, Massachusetts Institute of Technology 


This paper was written to be delivered to teachers of engineering drawing and 


descriptive geometry. 


for, the comparatively undeveloped field of pure mathematical graphics. 


Its entire intent was to stimulate interest in, and enthusiasm 


To the 


rigorous mathematician it will appear loosely written and will certainly raise a host 


of unanswered questions. 


of a science of graphics is a valid, though vaguely realized one 


I make no apologies for this for I believe the core notion 


T he prime business 


of the moment is the recognition of the problem 


It 


science of graphics is an unrecognized 


is my firm conviction that the 
science which offers the creative mind a 
tremendous in a relatively 
unexplored world. This is the theme I 
wish to develop by offering a tentative, 
usable definition and in its light sketching 
a few of the possibilities. 

Undoubtedly mathematies started with 
counting. As a matter of fact, to most 
human beings that is all that mathemat- 
ics ever is, for the normal layman never 
needs anything but arithmetic, which is 
the science of counting. It involves a 


challenge 


number system divided into units 

one, two, three, etc. It thus has in- 
herent in its structure the process of 
proceeding by steps. By developing 
fractions and decimals the steps are made 
as small as desired but remain steps, 


nevertheless. Thus 3.1416 represents pi 
to the nearest step when the steps are 
1/10,000 of a unit. 3.14159 represents 
pi to the nearest step when the steps are 
1/100,000 of a unit. Arithmetic is thus 
discontinuous in nature. 

At some point in history geometry 
began to develop as the mathematics of 
space relations. Originally it was prob- 
ably a practical business. It was lifted 
into the realm of consistent theory by 
Euclid and his school. Now, curiously 
enough, Euclid founded the science of 
graphics on the one hand and did it a 
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/ 


profound disservice on the other. Per- 
haps he recognized the discontinuous, 
step-nature of arithmetic as opposed to 


the continuous nature of geometry and 


wished not to contaminate the latter 
when he restricted all constructional 
geometry to the use of the unmarked 
straightedge and compass. Whatever 


his reasons, he achieved two things. 
First, he barred the use of other curves 
than the circle since such curves were 


obtained by finding a limited number of 
points and fairing between these, which 
was not theoretically acceptable. Thus 


we still say 


we cannot trisect an angle. 
the marked ruler |} 
barred the graphical device for convert- 
ing lengths into the system. 
He thus fixed the 
geometry by eliminating its calculationa! 
possibilities and in addition put a psy- 
chological barrier in the way of convert- 


Second, in barring 


ic 


number 


space nature ol 


ing it into pure symbolism, which is the 
soul of the science of graphics. 


That Euclid’s straight-edge and com- 


pass restriction is an artificial one 
became apparent when the Italian math- 
ematician Mascheroni showed that all 


the constructions possible with a ruler 
and compass alone may be made wit! 
the that a 
straight line is thought of as given by 
two points. We cannot draw the line 
but we can find where it would 


compass alone (provided 


n 
re intersect 


JouRNAL OF ENGINEERING I ‘ MAY 











468 


another line or a circle, if it were drawn). 
Later Jacob Steiner showed that all these 
constructions are possible with a straight- 
edge alone provided that a single fixed 
circle and its center are given. 


Nature is Unruly 


Thus we had until Newton’s time a 
counting mathematics and a_ space 
mathematics. Unfortunately nature is 
a very unruly damsel. She knows noth- 
ing of counting which is a pure product of 
the human mind. Furthermore, she has 
a passion for the continuous as she, 
herself, is in a state of continuous change. 
Time and distance are continuous. Mass 
is effectively continuous above the atomic 
level. Thus a pure counting mathematics 
no longer sufficed as soon as we really 
seriously attempted to describe nature 
mathematically. Leibnitz and Newton 
enmeshed the continuous in mathemat- 
ical symbolism by developing the cal- 
culus. The theory of limits bridged the 
gap. From our point of view it is 
noteworthy that this was done by con- 
verting the symbolism of counting math- 
ematics into functional mathematics. 

Thus, today, we have an extremely 
powerful equational, functional mathe- 
matics for dealing with physical reality. 
In many instances, however, it is very 
cumbersome. Furthermore it almost 
never exactly fits the facts. I want to 
emphasize this point. Equations are 
abstracted laws involving an artificially 
limited number of variables. However 
the physical universe refuses to conform 
to simple classical rules. A falling body 
falls according to the well-known formula 
only when we make very artificial 
assumptions, neglecting air resistance, 
variations in air density, etc. Thus we 
capture fundamental portions of nature 
in our equational world only by greatly 
oversimplifying the natural phenomena 
involved. 

We cannot always do this. For in- 
stance, the resistance of a boat hull in 
moving through water, or of an airplane 
fuselage in moving through air depends 
on so complicated a set of factors that 
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we measure these forces in model towing 
tanks or wind tunnels and make little 
claim to being able to predict them 
mathematically. 

The basic trouble here is that we are 
substantially lacking one whole branch 
of mathematics, a branch that can 
describe completely by symbolic means 
physical phenomena far more complex 
than equational mathematics can. This 
branch of mathematics is the science of 
graphics, the nature of which has never 
been fully understood because of the 
wet blanket of Euclidean notions and the 
great success of equational mathematics 
and, in addition, because of its lack of 
oral quality. 

The latter is a crucial factor. When I 
write 6 and say “6” I have a one-to-one 
correspondence between the written sym- 
bol and the spoken symbol. When I 
draw a line - — [| cannot talk about 
the magnitude it symbolizes until | 
convert it into the number system. 

In order to define the science of graph- 
ics we must look more closely at sym- 
bols. Take the concept of time. Equa- 
tionally we say, let ‘‘t’”? represent time. 
t can have any numerical value we 
choose. Graphically we say let this 
straight line represent time, and the line 
can have any length we choose. In each 
instance we are tied to a unit of some 
sort. A time of 100 or a time of the 
length of this line ————— has no 
meaning until we say in the first instance 
one shall be an hour and in the second 
instance this length ——— shall be an 
hour. 

Note that in both instances we are 
employing pure symbols, one as legiti- 
mate as the other. In the second 
instance, note that we have completely 
broken with Euclidean geometry for we 
are using lines as pure symbols for 
something else and are not tying them 
to space geometry. 





Rectangular Coordinate System 
It is important here to note that 
Descartes tied the space world of 
geometry to the world of numbers by 
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means of a rectangular coordinate sys- 
tem. It was basically a space describing 
system and did not contain the notion of 
lines as symbols until someone took the 
next step by assigning time, or the like, 
to one axis instead of distance. Carte- 
sian coordinates like Euclidean construc- 
tive restrictions have been a bar to our 
understanding of the true nature of 
graphics. We shall come back to this 
later when discussing coordinate systems. 

With the use of the line as a symbol of 
something else we establish the science 
of graphics. We may now define graphics 
tentatively, for our purpose here, as the 
use of geometric entities as mathematical 
symbols for manipulative and predictive 
purposes. The science of graphics is the 
science of performing by means of 
geometric symbols the same operations 
that can be performed by numerical, 
algebraic symbols. 

The science of graphics is a full-fledged 
science of the continuous. In certain 
ways it has some remarkable advantages 


over equational mathematics. First, 
lines are continuous and numbers are 
not. Nature, herself, is fundamentally 


graphical. The first thing we do in 
collecting data is to use some form of 
conversion device for converting the 
continuous, graphical character of nature 
into the discontinuous number system. 
The three great conversion devices are 
the clock for converting time, the 
balance for converting mass, and the 
measuring stick for converting distance. 
Such conversions mean that in every 
physical problem except those involving 
pure counting there is no such thing as 
absolute accuracy, for the continuous 
character of nature can be read only to 
the nearest step in the number system. 

Second, and of profound importance, 
we can symbolize graphically much more 
complex phenomena than we can sym- 
bolize equationally and we can handle 
successfully many more variables. 

In many respects equational mathe- 


matics has great advantages over 
graphics. Thus in the last analysis some 


things can be done better graphically, 
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some equationally, and a great many by 
We cannot, 
however, fully capitalize on the possi- 
bilities until we fully develop the science 


a combination of the two. 


of graphics. 

The task before us then is to establish 
a set of graphical manipulations which 
are the analogs, 
numerical, algebraic, and analytic ma- 
nipulations. Our first job is to develop a 
consistent, unified theory 
enable us to perform any mathematical 


or the equivalents of 


W hich will 


process graphically, to demonstrate that 
the possibility exists that anything that 
can be done with equational mathematics 
ean be done graphically and that in a 
very real sense the two are partners in 
the mathematical world. At the moment 
we can only begin this. Its full develop- 
ment is the great challenge. I am 
going to pick one or two arbitrary 
examples. 
Graphical addition and subtraction 
are obvoius. So, as our first example we 
will examine multiplication. 
we want to multiply this length a 


Suppose 


by this length b inthese units 1 
We'll call them a, b, and 1 (note the 
necessity of using letter symbols for 
oral purposes). If I draw two similar 
triangles, Fig. 1(A), it follows that a/1 
= 2/borz = ab. Superimposing these, 
I can lay out a and b at right angles for 
convenience, Fig. 1(B). I then mark 
1 on the b axis, draw from a to 1 and 
draw a parallel from b to obtain z, the 
product of a and b, on the a axis. 


Exa m ple s 


Now we take 
wish to multiply the a and b curves of 
Fig. 1(C) together. We draw a number 
of ordinates and mark the ‘a’s’” and 
“b’s” and lay them out from “0” on the 
proper axis, paying attention to direction 
Next we draw the family of lines 
points to 1 and draw 
parallels from the proper ‘‘b’”’ points to 
obtain our required products. The proc- 
ess is shown for a2 and b, and for ag and 


can an example. We 


(sign). 
from the ‘a’ 














A PHILOSOPHY OF SCIENCE OF GRAPHICS 











x 
Vg a 
a Fi x 
| (@) 
(A) (B) 
JG CURVE 
( beef | 
a, -b CURVE! | YY | 
Da. - Orb 
= * a ae 
A feos mK | A 
/ \ | 
ff we \ | 
| ~BAXIS 0 a ; 4 
oN, 
a. \ 
‘>t N y 
=. ic? aa poe. 
i?) 
x 
a 
J ae 














Kia. 


bs in the figure. We'then distribute our 
products to the proper ordinates and 
draw a curve through the points. We 
have now multiplied our two original 
curves together. Now if we wish to 
convert this into equational mathematics 
the two‘ curves are sin #@ and cos @. 
You will note that the product curve has 
half the height and twice the frequency 


. sin 26 ‘ P 
and thus is —— « Thus sin 9 cos 9 
sin 26 
ear 


Some comments on the above example 
are necessary. First we have divorced 
ourselves from the notion of area—the 
Euclidean meaning of multiplication. 
Second, I have used a cartesian coordinate 
system only in order to make a recognized 
conversion between the equational and 
the graphical systems. Third, the in- 
evitable question arises concerning ac- 
curacy, in that the two original curves 



































(C) 
l. 


will not exactly fit the theoretically 
perfect curves for sin # and cos @. It is 
not contended that they do. The two 
given curves multiplied together yield 
the third curve. If they are not the 
for sin # and 6 then the 
equational mathematician cannot mul- 
tiply them together at all for he cannot 
fit equations to them. Yet they can 
be multiplied graphically whatever they 
are. Itis equational methods that are in 
difficulty, not graphical. Fourth, this 
does not constitute a proof that 2 sin 6 
sin 26. It does show the pattern 
of correlation between the two systems. 

In similar 
division. If we interchange the positions 
of “1” and “‘a”’ 


Cos 


curves 


cos 6 amt 


manner we can perform 


and proceed as before 
then x becomes If you care to per- 


form this by dividing sin @ by cos 6 you 
will find the result is tan @. 
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Simultaneous Linear Equations 


Now let’s step up the line a little and 
consider the matter of simultaneous 
linear equations. All of you can solve 
two equations in two unknowns by 
plotting in cartesian coordinates. All of 
you can solve three equations in three 
unknowns by considering each equation 
a plane and finding the point of inter- 
section of the three planes by descriptive 
geometry. In both instances you have 
employed cartesian coordinates and used 
a space analog of the equations—2 lines 
in a plane intersect in a point, 3 planes 
intersect in a point in space. Let’s free 
ourselves from this basie Euclidean 
concept and look at a method which will 
solve n equations with n unknowns. 
(This method is adapted from “Graphical 
Methods” by Carl Runge, Columbia 
University Press, 1912.) 

We'll take two simple equations for 
illustrative purposes: 


3x + dy + 4 = 0, 


2zr+y+5 (0. 


We draw a line (Fig. 2) and lay out on it 
each of the three coefficients as a length 
from 0 (the coefficient of x will be called 
a, of y, b, and the constant ¢). We draw 
a second line parallel to the first and do 
the same for the second equation. I’ve 
reversed the direction, but that is of no 
importance. These marked lines are 
the graphical equations. We then draw 
the lines connecting the 0’s, the a’s, b’s 
and c’s. Now, any line parallel to ow 
original line will eut the lines for a, b, 
and ¢ in points which establish a graph- 


-3X+*SY+4-0 








ical equation which will be satisfied by 
the same roots as the two. original 
equations Consequently we draw two 
lines, one through the point where the 
a line crosses the 0 line and one through 


the point where the > line crosses the 0 
line. I thus obtain one grapl ical equa- 
tion without a and one without bd 
Converting these from the graphical | 


obtain the two equations: 


Since these are scalable ratios I convert 
into the number system and find that 
y l and x 3 which are the re- 
quired roots. 

We can extend this process to three 
simultaneous linear equations having 
coefficients a, b, c, and d by eliminating a 
from any two pairs and obtaining two 
new equations in b, c, and d. We then 
operate on these two as above to obtain 
our roots. This process can be increased 
to include n equations in n unknowns. 

The solutions of such simultaneous 
equations might be needed for our old 
friend the Wheatstone Bridge. The 


question being what equivalent. singl 


resistance may be substituted for the 
network so that the current passing 
through will be fooled and not know the 


difference. 
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We can extend this into a tougher 
Instead 


of simple resistances in each branch of 


problem in electrical networks 
the bridge cireuit, suppose that there is a 
combination of inductance and eapaci- 
tance and resistance. For a given 
appled alternating voltage of a certain 
amplitude and frequency what is the 
resulting alternating current amplitude 
and phase? Now, an impedance is a 
complex number so that our simultaneous 
equations now have complex coefficients 
which we must graph as vectors in the 
complex plane. However, the elimina- 


tion proceeds in a graphical way analo- 
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Fig. 3. 


gous to the above and the solution of the 
equations may be found. I won’t do it 
here. I bring in this application to sug- 
gest the intriguing possibilities of a com- 
prehensive graphical theory for networks. 

There is a similar sort of process for 
obtaining the roots of higher power 
equations which I won’t go into here. 

Next in line are graphical integration 
and differentiation. You all know that 
we can do this with a great deal of 
accuracy and rapidity. 

Now, I want to take a physical ex- 
ample of the use of a combination of 
these processes. In many fields of 
modern science the simple parabolas and 
hyperbolas and linear differential equa- 
tions that used to describe reality are 
being replaced by empirical curves and 





functions that more nearly describe the 
behavior of our universe. I am choosing 
as an example the tristimulus color 
problem for it involves curves to which 
equations cannot be fitted so that a 
laborious numerical process is usually 
followed. 

Tig. 3(A) shows an assumed curve of 
reflectance of a dye pigment under a 
given light source. 

It also shows the X, Y, Z curves, Fig. 
3(B), the response curves of the eye to 
three standard primary colors. Now the 
blue seen by the eye z will be 


f RXadX. 
0 


This is, of course, an impossible equa- 
tional operation as we cannot find any 
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equation to integrate. Our first §ob is 
to multiply R by X, Fig. 3(C). We have 
already seen how to multiply two curves 
together. This yields the product XR. 
We now integrate this from 0 to ~ and 
get the z vector. We repeat this process 
for Y and Z and get the y and z vectors, 
Fig. 3(D and E)—a multiplication and 
an integration in each instance performed 
very rapidly. Since the sum of the 
three is unity we can mark the color on 
the standard tristimulus chart Fig. 3(F 

I want you to note that in solving this 
very complex problem we have never 
once left the graphical world. We've 
operated completely in geometric sym- 
bols without ever employing a number. 
Furthermore, we followed the 
complex pattern of physical reality 
without employing oversimplifications 
for the sake of getting equations which 
we can manipulate. 


have 


Coordinate Systems 


At this point I think you can see the 
beginnings of a unified attack on graph- 
ical procedures. I want to talk a 
minute or two on coordinate systems for 
our persistence in using cartesian co- 
ordinates highlights the difficulty of 
breaking our thinking about graphics 
away from space concepts. If we are 
going to be successful in this area we 
must think of lines as pure symbols and 
operate on them with freedom. We can 
use any arbitrary coordinate system we 
choose so long as it is fruitful. We can 
use line coordinates or point coordinates 
or any distorted field. of coordinates. 
A coordinate system is basically a 


conversion device between the two 
mathematical systems. Since a com- 
bination of the two systems is most 


fruitful in many problems, the free use of 
coordinate systems without respect to a 
space analog becomes a very important 
factor. 

You will find that all mathematicians 


say that 2? + y? = R? is the equation of 
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a circle. This simply is not true in any 
broad sense. It is true uf cartesian 


coordinates are used but we can show a 
coordinate which it is an 
ellipse or some other conie. 

An _ interesting 
taking a family of curved 
developing a coordinate system in which 
a maximum number of the family are 
rectified. We that this 
always be done for 3 such lines, and | 


System in 


that of 
lines and 


problem is 


can show can 
suspect a solution exists for 4, but we've 
been unable to find it. 

Another interesting procedure is to 
project cartesian coordinates by central 
projection into a system containing two 
vanishing points. Note that we then 
ean plot any curve out to infinity which 
has useful possibilities. I am 
convinced that we have only begun to 


examine the coordinate system problem. 


some 


Conclusion 


In closing I want to point out that 
we are dealing with a pure science and 
that our focus of attention should be on 
pure research without hampering our- 
selves with the notion of applicability. 
We have only barely scratched the 
of this The mathe- 
matician does research for the sake of 


surface science. 


discovery alone. Applications generally 

We should treat the 
science of graphics in the same way and 
never tolerate the question, ‘‘what good 
is it?”’. No science of any dignity ever 
tied itself to the utilitarian. 

It seems to me that the coordinated 
type of attack that I’ve tried to outline 
contains the true future of the science of 
graphics. 

I want to acknowledge my indebted- 
ness to two of my colleagues—to Mr. 
John F. Twigg for the example on 
graphical multiplication and to Mr. 
Steven A. Coons as a major contributor 
of the philosophic ideas and the work on 
coordinate systems. 


follow discovery. 
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Slide Rule Instruction in Technical Schools 


3y HERMAN K. FULMER 


Professor of Mathematics, Georgia Institute of Technology 


Considering the wide use of the slide 
rule in engineering work, it is a striking 
commentary that in many colleges of engi- 
neering there is no organized instruction 
in this subject. This lack of instruction 
is not due to lack of demand. According 
to the best information available, there is 








been no real effort to teach this subject. 
In one place an honor society attempts 
instruction. In a large mid-west univer 
sity slide rule is taught in the department 
of engineering drawing. Another institu- 
tion requires that the students learn to 
construct slide rules. Still another offers 























SLIDE RULE INSTRUCTION IN TECHNICAL SCHOOLS 


a steady demand for slide rule instruction 
among undergraduates generally. This 
demand is further attested by the con- 
tinued publication of books, instruction 
sheets, and pamphlets on the various ap- 
plications of the slide rule. But taking 
engineering colleges as a group, there has 


free group instruction on demand. One 
of the most serious objections to hap- 
hazard instruction is that frequently the 
best methods are never learned and that, 
due to the tendeney to stick to what is first 
learned, the student goes through life 
doing unnecessary work. 
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In order to meet the demand mentioned 
above, two years ago the Department of 
Mathematics of the Georgia Institute of 
Technology incorporated use of the log 
log duplex decitrig slide rule as an in- 
tegral part of the course in trigonometry. 
By this plan, really borrowed from North 
Carolina State College, slide rule is not 
Rather, it is taught 
in connection with other topics where the 


taught as a topie. 


correlation is easy and natural. This 
method has the very great practical ad- 
vantage of not trying to cram on all the 
various applications at onee. Early in 
the quarter, students in trigonometry are 
invited to a movie (cooperation of Keuffel 
& Esser) showing basie slide rule opera- 
tions. Experience shows that this movie 
aids considerably. Following this, and 
early in the course, applied problems in- 
volving multiplication and division are 
taught. Along with instruction on use of 
the tables of natural functions, their use 
with slide rule is explained. Many right 
triangles are solved by slide rule. Still 
later in the course where fractional powers 
are taught by the use of logarithms, the 


use of the slide rule for this work is also 


explained. The rule is also used in the 


solution of exponential equations like 
2*=7. Finally, in the solution of oblique 


triangles we stress the slide rule. 

It is interesting to note that instruction 
in slide rule seems not to shorten the time 
allotted to other topics. 
and simplicity with which many problems 


Rat her the speed 


may be solved more than compensate for 
the time spent in learning. The depart 
ment owns 6 master demonstration rules 
which are mounted (see photograph) as 
standard equipment in ¢lass rooms. We 
are indebted to the School of Mechanieal 
Engineering for this simple and perma 
nent solution of the old problem of how 
to change sides with these large rules 
This mounting is not patented and could 
be used any where. The rules are mounted 
along the side wall of the elassroom, are 
always available, never in the way. 

A recent survey shows that the students 
appreciate this instruction. We would 
welcome correspondence and suggestions 


toward improvement. 


Sanitary Engineering Conference 


A two-day conference on Sanitary Engineering Education sponsored by Com 
mittee 3 of the ASEE Civil Engineering Division, with the cooperation of the 
U. S. Public Health Service and the American Public Health Association, will 
be held at Dartmouth starting Saturday, June 21. The program of the con- 


ference is as follows: 


Saturday, June 21 


1:00 p.m. Radiological Training 
1:45 Field Training 
3:15 Training Sanitary Engineers (panel discussion 


Sunday, June 22 


9:30 a.m. What is the Present Day Field of Sanitary Engineering? 
10:30 Minimum Requirements for Sanitary Engineers 


1:30 p.m. Sanitary Engineering in the Smaller Colle 


2:30 Graduate Program 
:00 Adjournment 


~ 


Monday, June 23 Committee Reports 


re 
ge 


Arrangements for the conference are in charge of the following special com 


mittee: 
Gilbert Dunstan, Chairman 
Jess C. Dietz, Co-chairman 
Arthur P. Miller 
Ellis S. Tisdale 


This committee is working in cooperation with Committee 3. 


Earnest Boy ce 

E. S. Brown 
William T. Ingram 
E. J. Kileawley 


Reservations for 


the conference should be made with Professor E. S. Brown of the Thayer School 
of Engineering, Dartmouth College, Hanover, New Hampshire. 














TIMELY TIPS 


A Direct Development of the Polytropic Process 


By E. J. WELLMAN 


Instructor of Mechanical Engineering, Purdue University 


In the presentation of reversible, non- 
flow processes for ideal gases in most 
thermodynamics texts, the position of 
the polytropic has appeared to the author 
to be incongruous. The constant pres- 
sure, constant volume, isothermal, and 
isentropic processes are naturally grouped 
because they are characterized by the 
constancy of a particular property. The 
polytropic equation po" = C (a constant) 
appears to be simply a_ convenient 
mathematical formulation which has 
little physical significance, but which can 
be adjusted to fit each of the others by 
proper selection of the value of the 
exponent n. 

A method of relating all of the above 
processes involves an entirely different 
approach which requires a fresh start. 

Let us consider, for a _ non-flow, 
reversible process, the ratio of heat to 
work, dQ/dW. Let dQ/dW = FE. Now 
if we restrict our analysis to those 
processes for which £ is a constant, we 
may derive a p — v relationship to satisfy 
this premise. 

dQ = Edw, 
or 
dQ = Epdv. 


From the First Law 
dQ = du + pdv., 
From Joule’s Law 


dQ = c,dT + pdv. 
Then 
c,dT + pdv = Epdv. 


By differentiating pv = RT we obtain 
dv + vdp 


T. 





476 


Then 
3 (pdv + vdp) = pdv (E — 1). 


Using c,/R = 1/(k — 1) and re-arrang- 
ing 


vdp + pdo[k — E(k — 1)] = 0. 
Now letn =k — E(k — 1). Then 


vdp + npdv = 0, 
dp dv 
omomes 4+ n— 
p v 


= 0, 


which, when integrated, yields 
py" = C. 


Therefore this p — v relationship char- 
acterizes the general process for which 
dQ/dW is a constant. 

It may now be noted that for each of 
the other four processes described above 
dQ/dW is a constant. Hence each is a 
polytropic. 

For each process the ratio E may be 
determined by separate calculation of 
work and heat by the usual methods. 
Then the proper exponent n may be 
determined from the above definition of 
n, ie., n= k— E(k —1). The results 
of such determinations are listed below: 


E n 
Constant pressure k/(k — 1) 0 
Constant volume 0 — 0 
Isothermal 1 1 
Isentropic 0 k 


The utility of this analysis may be 
extended to obtain simple expressions 
for dQ, dW, and du usable for any of the 
processes discussed above.* Using only 


* Since the equations are all given in terms 


of dT, the work and heat expressions become 
indeterminate for the isothermal process. 
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the First Law, and the basic premise that 
E is a constant, the following may be 
obtained in terms of n or E: 


dQ =. ( tent )ar 


l—n 
or 


E ry 
dQ = Cy E — 4a: 
dW =c, ( - + ) dT 

l—n 


I 
MF ie eg 
cy" 


or 


du = c,dT. 


This method undoubtedly will not 
contribute to a better understanding of 
the four basie processes, but it does 
present a simple and logical definition of 
the polytropic process. It indicates, 
also, that the polytropic does not include 
all possible processes but has a very 
precise restriction. It also becomes 
easier to understand why the polytropic 
process has been utilized to attempt to 
describe some actual compression proc- 
esses in which heat was not exactly that 
prescribed by the isothermal nor zero 
as required by the isentropic, but the 
heat does bear a fixed relation to the 
quantity of work. 


The Third National Surveying 
Teacher's Conference 


Sponsored by 


Committee 8, Civil Engineering Division, ASEE 


and 
The University of Illinois 


August 3-8, 1952 


Camp Rabideau, Summer Surveying 
Camp of the University of Illinois, will be 
the scene of The Third National Surveying 
Teacher’s Conference, August 3-8, 1952. 
Situated in the Chippewa National Forest 
of Northern Minnesota and in an area 
famous for its lakes and Paul Bunyan 
lore, Camp Rabideau with an unparalleled 
physical plant and pleasant woodland 
environment offers excellent facilities for 
conference activities and communal living. 

The Illinois Surveying Camp is located 
on federally-owned forest land in Beltrami 
County about 35 miles northeast of Be- 
midji. Deer and small game abound in 
the heavy stand of second-growth timber 
that covers this region. Daily rail and 


bus service is available from Minneapolis 
to the village of Blackduck which is 6 
miles north of the camp. Good highways 
approach the area from all directions. 

For further information address Brother 
B. Austin Barry, F. S. C., Chairman 
Committee 8, Civil Engineering Division, 
ASEE, Manhattan College, New York 71, 
NY. 

Dining and sleeping accommodations 
will be furnished at a cost of about $25 
per person for the six-day period. A re- 
duced rate will be made for children. 
Reservations should be made with Dr. M. 
O. Schmidt, Director of Camp Rabideau, 
Surveying Building, University of Illinois, 
Urbana, Illinois. 











Section Location of Meeting 
Allegheny Pennsylvania State 
College 
Illinois-Indiana University of 
Illinois 
Kansas-Nebraska University of 
Nebraska 
Michigan University of 
Detroit 


Middle Atlantie Villanova College 


University of 
Arkansas 


Missouri 


National Capital Area Howard University 

George Washington 
University 

Worcester Polytechnic 
Institute 


New England 


North Midwest Iowa State College 


Ohio State 
University 


*Ohio 


University of 
Washington 


Pacific Northwest 


California State Poly- 
technie College 


Pacifie Southwest 


University of 
Wyoming 


Rocky Mountain 
Clemson College 


Southeastern 


University of 
Houston 


Southwestern 


Upper New York Alfred University 


Section Meetings 


Dates 
April 18-19, 
1952 
May 17, 1952 
Nov. 16-17, 
1951 
May 10, 1952 


May 10, 1952 


April 5, 1952 


February 5, 


1952 


Oct. 18, 1952 


Oct. 3-4, 1952 


April 25-26, 
1952 


Dee. 29-30, 


1952 
April 19, 1952 
April 10, 11, 
12, 1952 


April 25 & 26, 
1952 


October 10-11, 
1952 


Chairman of Section 


E. B. Stavely, 
Pennsylvania State 
College 
D. G. Ryan, 
University of Illinois 
Kenneth Rose, 
University of Kansas 
W. P. Godfrey, 
University of Detroit 
S. J. Tracy, Jr., 
City College of 
New York 
R. Z. Williams, 
Missouri School of 
Mines 
W. Oncken, Jr., 
Bureau of Ordnance 


E. T. Donovan, 

University of New 
Hampshire 

S. J. Chamberlin, 

Iowa State College 

W. F. Brown, 

University of Toledo 

T. H. Campbell, 

University of 
Washington 

S. F. Dunean, 


University of South- 


ern California 
KE. J. Lindahl, 
University of 
Wyoming 
R. L. Sumwalt, 
University of 
South Carolina 
H. P. Adams, 
Oklahoma A. & M. 
College 
R. M. Campbell, 
Alfred University 


Members of the Society are welcome at all Section Meetings 


* No Date Set. 
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New Members 


(BEGG, MARTIN G., Assistant Professor of 
Civil Engineering, Bradley 
Peoria, Illinois. H. Blichensderfer, R. E. 
Gibbs. 

\NDERSON, HENRY C., Instructor in Mechanie 
Arts, Lineoln University, Jefferson City, 
Mo. C. B. Taylor, W. Jackson. 

ANDERSON, WARREN R., Associate Professor 
of Electrical Engineering, California State 
Polytechnie Institute, San Luis Obispo, 
Calif. C. E. Knott, E. C. 

Ayres, G. H., Professor of Chemistry, Uni 
versity of Texas, Austin, Texas. <A. B. 
Bronwell, S. C. Hollister. 

BAKER, Burton C., Supervisor—Technical 
Placement, Minnesota Mining & Mannu- 
facturing Company, St. Paul 6, Minn. E. 
W. Johnson, W. W. Burton. 

BALISE, Perer L., Instructor in Mechanical 

University of Washington, 

Morrison, R. W. 


University, 


Glover. 


Engineering, 
Seattle, Wash. J. B. 
Crain, 

BENDER, LUKE R., Assistant Ptofessor of 
Mechanical Engineering, Bucknell Univer 
sity, Lewisburg, Pa. W. D. Garman, D. 
W. Griffith. 

BENTLEY, WILSON J., Associate Professor of 
Engr. and Mgmt., Oklahoma A. & M. Col 
lege, Stillwater, Okla. H. G. Thuesen, M. 
R. Lohmann. 

BROWN, CHARLES L., Associate Professor of 
Mechanical Engineering, Purdue Univer- 
sity, Lafayette, Ind. O. W. Witzell, D. S. 
Clark. 

BUCKNER, WILLIAM N., Principal, Arm 
strong High School, Washington, D.C. L. 
K. Downing, J. C. Webster. 

Buxton, ALBERT C., Assistant Professor of 
Electrical Engineering, Tulane University, 
New Orleans, La. C. W. Ricker, J. A. 
Cronvich. 

CHacEY, Luoyp A., Executive Secretary, The 
Ohio Society of Professional Engineers, 
Columbus 15, Ohio. C. E. MacQuigg, W. 
D. Turnbull. 

CLEMMER, GEORGE H., Asst. Mgr., Goodyear 
Ind. Univ., Goodyear Tire & Rubber, Bar 
berton, Ohio. F. S. Griffin, E. R. Wilson. 


Assistant Professor of 


University 


CLougH, Ray W., 


Civil Engineering, of Cali 


fornia, Berkeley, Calif. J. B. Franzini, E 
- Popov. 

CowLes, RALPH G., Instructor in Human 
istic-Social Studies, University of Wash 
ington, Seattle, Wash. S. W. Chapman, J. 
W. Souther. 

DAVIDSON, SIDNEY, Professor 0 
Industrial d Aceounting 
Johns Hopkins University, Bal 
R. H. Roy, W. B. Kouwenhoven 

Davis, Howarp P., Associate Professor of 
Mechanical 
Wyoming, Laramie, Wyo. 
H. T. Person. 

DEGROFF, HAROLD M., Associate Professor of 
Aeronautics, Purdue University, Lafayette, 
Ind. M. U. Clauser, E. F. Bruhn. 

DuUBBE, EVERETTE C., Assistant Professor of 
Electrical Engineering, West Virginia 
University, Morgantown, W. Va. E,. C. 
Jones, C. B. Seibert. 


DUNCAN, ACHESON J., Associate 


Assistant 


Engineering an 


Engineering, University of 
FE. J. Lindahl, 


Professor 
of Industrial Engineering and Statistics 
Johns Hopkins University, Baltimore, Md. 
R. H. Roy, W. B. Kouwenhoven. 

EsMAY, MERLE I.., Professor o 
Agricultural Engineering, University of 
Missouri, Columbia, Mo. M. M. 
C. Wooley. 

FELLING, WILLIAM E., Aero- 
nautical Engineering, St. Louis University, 
East St. Louis, Illinois. R. A. Killoren, 
A. B. Bronwell. 

FITZGERALD, ARTHUR E., Associate 
of Electrical 
Institute of Technology, 
C. E. Tucker, H. L. Hazen. 

Hite, SAM C., Assistant Professor of Chen 


Associate f 


Jones, J. 


Instructor in 


Professor 
Engineering, Massachusetts 
Cambridge, Mass 


ical Engineering, Purdue University, La 
fayette, Ind. J. L. Bray, R. N. Shreve. 

HupsPretH, E. L., Professor of Physies, Uni 
versity of Texas, Austin, Texas. <A. B. 
Bronwell, S. C. Hollister. 

HUGHEL, Assistant Professor of 
Metallurgical Engineering, Purdue Uni 
versity, Lafayette, Ind. J. L. Bray, G. W. 


THOMAS J., 


Sherman, Jr. 

KILBRIDGE, MAuRICE D., 
of Industrial Engineering, 
tute of Technology, Chieago 16, Ill. P. 
Davis, B. A. Fisher. 


Assistant Professor 


Illinois Insti 
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LEACH, WILLIAM J., Administrative Assist- 
ant to the Dean and Instructor in Engi- 
neering, University of Houston, Houston, 
Tex. T. N. Whitaker, M. L. Ray. 

LOVELL, CHARLES W., JR., Instructor-Re- 
search Engr., Civil Engineering, Purdue 
University, Lafayette, Ind. R. B. Wiley, 
K. B. Woods. 

MALLORY, WARREN M., Assistant Professor 
of Electrical Engineering, University of 
Wyoming, Laramie, Wyo. E. J. Lindahl, 
H. T. Person. 

McCLELLAND, HENRY A., Instructor, Good- 
year Ind. University, Goodyear Tire & 

* Rubber Co., Akron, Ohio. F. S. Griffin, 
E. R. Wilson. 

MILs, Roscoe E., Professor of Engineering 
Materials, Purdue University, Lafayette, 
Ind. P. E. Soneson, F. W. Stubbs, Jr. 

MorRILL, ALLEN C., Professor and Head, 
Language Dept., Michigan College of Min- 
ing and Technology, Houghton, Mich. P. 
V. Anderson, W. Harrington. 

PLtuM, Wixui1AM B., Director of Education, 
U. S. Naval Ordnance Test Station, China 
Lake, California. L. M. K. Boelter, A. S. 
Levens. 

REGENBRECHT, Doucias E., Instructor in 
Mechanical Engineering, Purdue Univer 
sity, Lafayette, Indiana. O. W. Witzell, 
D. 8S. Clark. 


NEW MEMBERS 


REITAN, DANIEL K., Instructor in Electrica] 
Engineering, University of Wisconsin 
Madison, Wis. T. J. Higgins, J. J. Skiles. 

RopPo.o, JOSEPH P., Assistant Professor of 
English, Tulane University, New Orleans, 
La. A. B. Bronwell, 8. C. Hollister. 

SCORDELIS, ALEXANDER C., Assistant Pro 
fessor of Civil Engineering, University of 
California, Berkeley, Calif. J. B. Fran- 
zini, E. P. Popov. 

SIMPSON, Haro_p B., Educational and Train- 
ing Specialist, U. S. Naval Ordnance 
Laboratory, White Oak, Silver Spring, Md. 
D. E. Starnes, R. J. Seeger. 

SPENCE, Rospert A., Lecturer, Civil Engi 
neering, City College of New York, New 
York, N. Y. H.G. Lorsch, J. A. Olsen. 

THoMA, Epwarp C., Associate Professor of 
Civil Engineering, Purdue University, La- 
fayette, Ind. B. H. Petty, K. B. Woods. 

Weeks, O. D., Professor of Government, 
University of Texas, Austin, Texas. A. B. 
Bronwell, 8. C. Hollister. 

WEHMANEN, Roy W., Assistant Professor of 
Engineering Drawing, University of Day 
ton, Dayton, Ohio. J. A. Wehrle, A. R. 
Weber. 

Woop, Haroip S., Assistant Professor of 
Aeronautical Administration, St. Louis 
University, East St. Louis, Tl. N. C. 
Beck, V. J. Blum. 


427 new members this year 


English Division Summer School 


Theme: Orienting the New English Teacher in the Engineering School. 


Session I, June 20, 9:00 A.M. 
neering School. 


Topic: The English Teacher in the Engi- 


Session II, June 20, 2:00 P.M. Topic: Has Freshman Composition Failed? 


Session III, June 21, 9:00. A.M. 


Session IV, June 21, 2:00 P.M. 
College English. 


Topic: Standards of Correctness: Pre- 
scriptive vs. Descriptive Grammar. 


Topic: Articulation of High-School and 


Session V, June 22, 2:00 P.M. Topic: What Literature to Teach and How 


to Teach It. 
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The 1951 ASEE Engineering Education 
Mission to Japan : 


By H. L. HAZEN 


Professor, Head, Department of Electrical Engineering, 
Massachusetts Institute of Technology 


As a result of an invitation to the Amer- 
ican Society for Engineering Education 
on behalf of the Supreme Commander for 
the Allied Powers in Tokyo, a mission of 
fifteen of its members spent July and Au- 
gust 1951 in Japan conferring with Jap- 
aunese engineering educators on all phases 
of engineering education. Over one thou- 
sand Japanese educators and industrialists 
participated in the Institute for Engineer- 
ing Edueation, which was the name of the 
Japanese organization for implementing 
the work of the Mission. Mission mem- 
bers returned to this country with a sense 
of accomplishment, of having achieved a 
substantial meeting of minds, and of hav- 
ing contributed ideas that can help Japan 
in solving some of her serious problems. 
This paper gives highlights of the Mis- 
sion’s work and activities, including an ap- 
pendix with the essential organizational 
facts. 

Reasons for Mission 

Why send an Engineering Education 
Our great national in- 
terest in Japan, only recently an enemy 
nation, is based on our desire that she be 
one of the family of free nations rather 
than one of the slave nations. Japan oc- 
cupies an important position geograph- 
ically and culturally in the East. Our 
country has expended vast sums since the 
war to help Japan to become democratic 
in her institutions and thinking and to ap- 
proach economic self-sufficiency. Educa- 
tional institutions and methods of course 
play a dominant part in any such recon- 


Mission to Japan? 


struction; hence the significance of the 
several previous educational missions to 
Japan. 


engineering education grows out of Ja 


The particular significance of 


pan’s present cireumstances. 

Japan has a serious basie economic 
She is a 
people, living in an area which is com 
parable with California’s, and of which 
only 15 to 20 per cent is arable. With 
most intensive cultivation, this land yields 
only 80 per cent of her essential food. 
For the remainder, Japan can exchange in 
trade only the labor, the energy of rivers 
and of some coal, and the ideas that she is 
able to add to imported raw materials to 
produce exportable manufactured goods. 
Science and technology are thus of great 
importance to Japan, and this fact in turn 
places a large responsibility on her engi 
If she is to develop and 
produce superior products for trade, Ja- 
pan needs many good engineering gradu 
ates for her industry. 

Japan has over forty 
sehools, which have produced some notable 
men and work in past years. However, 
they are now suffering from poverty and 


problem. nation of 83 million 


neering schools. 


engineering 


from a decade or more of virtual isola- 
tion from the rest of the world. They 
operate with many principles and prac 
tices that we in the United States would 
find restraining, ineffectual, and unrespon 
sive to the needs of engineering education 
Not for many decades 
have they felt the influence of engineering 
edueation in the United States. Thus, 


as we see them. 
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Major General W. F. Marquat was led to 
write to former ASEE President Thorn- 
dike Saville in part, “Preliminary discus- 
sions with other sections (of SCAP) and 
with Japanese educators and engineers 
lead us to feel that a great deal of good 
could be accomplished by bringing to Ja- 
pan a group of American engineers who 
could discuss with their Japanese counter- 
parts some of the problems which are now 
facing professors of engineering in Japa- 
nese educational institutions.” Actually 
this quotation, with a few subsequent sug- 
gestions, constituted the principal instrue- 
tion to the Mission. 


Planning the Program 


The Mission as a whole was in Japan 
seven weeks beginning July 6. One week 
was devoted to orientation and joint plan- 
ning with the Japanese Executive Com- 
mittee of the Institute for Engineering 
Education; five weeks to working sessions 
in Tokyo, Kyoto, Nagoya, Fukuoka, Sen- 
dai, and Sapporo; and one week in Tokyo 
preparing the final report, which was sub- 
mitted on the morning of the day of de- 
parture, August 26. 

That these seven weeks were packed 
with activity is indicated by the following 
statistics. Jointly-planned general ses- 
sions and panel discussions on the broader 
phases of engineering education and ad- 
ministration totaled 114, while 72 group 
conferences considered particular branches 
of enginéering. A fruitful exchange of 
ideas came from 34 conferences with ex- 
clusively junior-staff and graduate-student 
groups. At least 1500 Japanese individ- 
uals attended one to several of these 220 
meetings. Mission members gave 28 talks 
to professional society meetings and 
visited about 40 industrial plants and en- 
gineering works. Of the Mission’s extra- 
curricular activity, encouraged and im- 
plemented by SCAP as an important med- 
ium of preparation for effective work in 
Japanese environment, a few words ap- 
pear subsequently. 

That our Japanese counterparts were 
deeply and sincerely interested in studying 
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and strengthening their engineering edu 
cation was evident from the thoroughness 
and care with which they planned and 
executed their Institute for Engineering 
Education. Dr. Hiroshi Wada, Chairman 
of the Japanese Executive Committee, and 
his associates were highly and effectively 
co-operative from beginning to end. They 
accepted the proposal to use the panel and 


group discussion technique instead of 
formal lectures, although these were to 
them new procedures. They quickly 


learned to capitalize on these meeting tech- 
niques and prepared excellent and search- 
ing questions for discussion at panel and 
group meetings. Each meeting had a 
Japanese and an American co-chairman. 
The Mission members very soon found 
that real issues in educatinoal philosophy 
and methods became the center of atten- 
tion and that the anticipated problem of 
establishing rapport between the oriental 
and the occidental mind in this field was 
largely nonexistent. 

Language difference was of course an 
inconvenience, but not a real barrier. 
Care in screening interpretors paid high 
dividends, for through them was trans- 
acted most of the business of the entire 
Mission effort. Translation reduced the 
rate of expression of ideas by a factor of 
two or three to one. Against this, how- 
ever, were the pressure and opportunity 
that translation time produced for sharp 
ening up ideas and eliminating all but es- 
sential points. Also, since most Japanese 
participants understood English, 
translation provided the emphasis of repe- 
tition. Furthermore, ideas seldom can be 
absorbed as rapidly as they can be ex- 
pressed in a single language; hence, the 
loss in pace was probably more apparent 
than real in terms of significant ideas ex- 
changed. 

The real work of the Mission proved to 
be the conduct, jointly with the Japanese, 
of an extended series of symposia cover- 
ing the broad subject of engineering 
schools and education. 
were emphasized as the Japanese were in 
general unfamiliar with these and wanted 


some 


American ideas 
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to learn about them. The results of the 
Mission thus consist basically of new ideas 
and stimulus in the minds of men and are 
not susceptible of easy 
demonstration. However, the scope of 
our discussions is sketched subsequently. 
One tangible result is the initial steps that 
are being taken toward the formation of a 
Japanese counterpart of our ASEE. Our 
fellow ASEE members are of course in- 


statement and 


terested in engineering edueation in Ja- 
pan. While critical examination and ap- 
praisal were not our main object, certain 
definite impressions were formed as fol- 
lows. 


Engineering Education in Japan 


National universities, in general the 
most important, are closely controlled in 
budget, personnel appointments, and oper- 
ations by the central government, severely 
restricting the autonomy and flexibility of 
operation of the individual university by 
our standards. Administrative posts are 
largely limited-term elective in character. 
Funds may be used only in accord with 
detailed original budget allocations. Vir- 
tual prohibition of personal income from 
consulting by faculty in government in- 
stitutions greatly hinders industry-univer- 
sity relations, as does the strong emphasis 
on patents and trade secrets. Some re- 
search institutes, separate from but close 
to universities, in which faculty members 
work on industry-aided research partly 
bridge this gap between universities and 
industry. 

Formal instruction is almost entirely by 
the lecture system without textbooks, prob- 
lems, or homework. Laboratory equip- 
ment for instruction is mostly very old, 
though some laboratory 
Graduates were criticized 


programs ap- 
peared good. 
in general for being too exclusively the- 
oretical, though we saw the beginnings of 
experimental ingenuity in some gradu- 
ation thesis reseach. Very little graduate 
work as we know it is offered in Japan, 
the doctorate being essentially the certifi- 
cation of a thesis. Japanese universities, 
never affluent, are very poor financially 


today after a roughly 200 to 1 inflation 
since prewar. The effects are apparent 
Professors spend 70 percent or more of 
their salaries tor family food. Yet the 
spirit appears good. Private universities, 
some of which are important institutions, 
suffer more than the great tax-supported 
National (formerly Imperial) universities 

Since the early 1900's, European, and 
especially German, influence was dominant 
until the American occupation. Thus the 
pattern has been markedly different from 
that in the United States. 
than teaching-and-research is the com 


Research rather 


monly declared function of the university 
and its professors. A professorship 1s 
commonly regarded as a position of glori 
fied authority which is relatively untemp 
ered by the qualities and ability of the 
incumbent professor. 

While important work has come from 
such Japanese as Honda, Yagi, Okabe, 
Yukawa, and others, Japanese industry in 
general shows little influence of strong, 
original engineering. 
neers to total employees is a small fraction 


The ratio of engi- 
of the corresponding American figure. 
These facets and her efforts to industrialize 
rapidly make natural the close resem- 
blanece, and indeed often apparent identity 
between many Japanese products and 
western products. 

In the universities, each 
sisting of a professor, two or ! ore as 


“chair,” con- 
sistant professors, and a group of as 
sistants, tends to be an independent and 
isolated unit of research and teaching, 
with little of the team spirit in any larger 
grouping that is so vital a part of our 
operations. Each institution tends to be 
highly self-sufficient. Intensive inbreed- 
ing of staff and students is regarded as a 
mark of quality. Apparently inter-insti 
tutional group discussions of engineering 
education occasioned by this Institute for 
Engineering Edueation were quite un- 
precedented as was the participation ot 
industrial representatives. 

Engineering libraries, woefully deficient 
in acquisitions since 1940, are much less 
used and useful than in the United States. 
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Dormitories and other student group 
living is virtually unknown in Japan, and 
the literal absence of any physical facil- 
ities for student study, at home or school, 
is a serious lack. 

At the sub-professional level, the Sem- 
mon Gakko, equivalent of our post-high 
school technical institute, was abolished 
after the war in the attempt to provide 
more universities through upgrading of 
these Semmon Gakko to degree-granting 
institutions. This leaves a serious void 
in the technical education system. 

Leading engineering educators in Ja- 
pan, and these include men of real ability, 
are quite cognizant of many of these char- 
acteristics of Japanese engineering educa- 
tion. They apparently welcomed the Mis- 
sion as an important means of presenting 
western methods and outlook to their 
many associates. That there was wide- 
spread and serious interest among them in 
engineering education problems and in 
our methods was clear from the many 
thoughtful and searching questions put to 
the Mission. While we covered our educa- 
tional methods and philosophy thoroughly, 
we also stressed that they, the Japanese 
educators, should not copy, but must them- 
selves think through their needs and 
aggressively develop methods answering 
these needs while making full use of all 
of the ideas available. 

Although the Mission members went 
armed with detailed materials on Amer- 
ican teaching methods in engineering, they 
quickly found that the Japanese were pre- 
pared to discuss matters of broad educa- 
tional policy with insight and discernment. 
Several Japanese addresses at opening 
sessions pointed up pertinent problems. 
Discussions and questions prepared by the 
Japanese in advance of most sessions 
focussed subsequent discussion on issues 
important to them on which they desired 
the American point of view. Mission 
members were impressed with the basic 
similarity between many of the issues con- 
fronting engineering education in the two 


countries. On the other hand, the pattern 
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of Japanese engineering education is es 
sentially German and in many aspects is 
contrary to the spirit and methods in our 
country. Mission members used direct 
criticism sparingly. Rather they discussed 
the methods and point of view of our 
country with the reasons therefor, some- 
times stating why under our conditions we 
should find a Japanese usage quite un- 
satisfactory. The accompanying “sum- 
mary” from the Mission report presents 
the highlights of its conclusions. 

One notable and not entirely expected 
characteristic of these discussions was the 
virtual unanimity of all Mission members, 
representing the greatest diversity among 
engineering schools over our country, on 
all important issues concerning engineer- 
ing education. Methods of operation vary 
widely over our country, but statements of 
objectives, principles, policies, and even 
the spirit of these operations were surpris- 
ingly alike. No doubt the ASEE has been 
a powerful influence toward achieving this 
basic agreement as to what is important 
and good. 

Topics of Discussion 

The many sessions of the IFEE covered 
in some detail virtually the entire field of 
engineering education. Programs were 
evolved continuously as the sessions pro- 
gressed by joint committees. 
Specific topies at each session were in- 
troduced by the Japanese by well-thought- 
out and often searching presentations fol- 
The over-all 


program 


lowed by definite questions. 
seope of program subject matter is sug- 
gested by the following partial list of sub- 
jects considered at the various sessions. 


Undergraduate curriculum 
Time allocation to general education, sci 
ence, common engineering, and major- 
field engineering. 
Technical level to be attained. 
Teaching methods 
Leeture vs. discussion-recitation. 
Textbooks and homework. 
Co-operative courses. 
Laboratory methods. 
Importance of the library. 
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es Students ECPD and ASEE 
3 is Selection and admission, Relation to education and the profession 
our Guidance. Functions. 
eet Academie standards and dismissals. Accreditation. 
~ Type of employment. Procedures and methods of operation 
an Placement and salaries. Problems peculiar to the educational reform 
ur Living arrangements. in Japan under U.S. guidance. 
ne- Costs. Lower terminal level for engineering stu 
we Student life. dents under the Japanese ‘‘New Sys 
un- Extracurricular activities. tem.’’ 
im- Graduate study and research Loss of technical institute level of train 
nts Degrees and requirements for these de ing. 
grees, Problems characteristic of individua 

ed Recognition by industry. branches of engineering 

Nature and level of work. Further discussions in group sessions by 
the : 

Graduate researches. fields. 
es, Fellowships, scholarships, and assistant 
ng ships. Among the team at least one and often 
on Day and evening programs. many could speak to a subject from per 
er Faculty-student relations sonal experience. Members rapidly be 
Ty Attitudes. came adept at organizing and giving terse 
of = verbal essays on very few minutes notice 


Guidance, 





_— ' Apparently our Japaneses associates were 
_ Counseling. Sg, . ant : 
ee Faculty greatly impressed with the ability of Amer 
en Selection. icans to do this and do it with assurance, 
- Basis for recognition and promotion, poise, indeed finish, and in a voice that 
nt Tenure. could be readily heard throughout a size 
Duties and responsibilities. able meeting hall. The obvious seriousness 
Hierarchial relations or their absence. of interest of the Japanese in learning of 
Responsibilities. our ways, evidenced by the quality and 
ed Consulting privileges. care with which they prepared for the 
4 Standard of living. . . . . 
of 7 dard of li “y. , meetings, their active discussions from the 
° o-operation and team work. . 
re pe ; floor, and general attitude, made these ses 
Place in the community. ‘ 
O- : ' eR sions a challenge. 
I lace in their profession. 
| Organization and administration , ; Mises 
- ° . ° , f 
. Institutional autonomy under the board of Report of the Mission 
t- trustees. During the final week in Toyko a 100 
1 - Career administrative officers. page report with a 150-page appendix was 
i co orgamiansion. prepared and officially submitted. It is 
, Jepartment unit. . . : 
- aes a essentially an essay on engineering educa- 
sourees Of income. ° ° — . . 
)- Sunken odlien tion in the United States, which, being 
e v e Je ° ° . 
‘ . : addressed in intent to Japanese engineer- 
Industry-university relations 
Employment of graduates. ing educators, reflects in its emphases the 
; Trustees from industry. reactions of Mission members to the Japa- 
>. Contract research, nese scene in education. This report, sub- 
Patents and trade secrets. mitted to General Ridgway, was soon made 
Co-operative courses. available to the Japanese, who promptly 


Grants and fellowships. 

Summer and sabbatical employment of 
faculty. 

Lecturers from industry. 


began translating it into their language 
for wide distribution among those con- 
cerned with engineering education. 

Visiting committees. The summary appearing at the begin- 
Extension work. ning of the report of the Mission is re 
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produced verbatim as an accompanying 
paper. 

In conclusion, a few impressions on the 
personal aspects of such a Mission are 
relevant. In auspices, as detailed in the 
appendix, this Mission was most fortunate. 
General Marquat gave it essentially carte 
blanche professionally. Travel and living 
arrangements (made by the Unitarian 
Service Committee under Army contract, 
and administered in Japan by Miss Doro- 
thy E. Snavely of USC, Executive Officer 
of the Mission) were so well handled that 
they quickly became taken for granted. 
Thus the Mission worked under essentially 
ideal conditions—aside from heat some- 
what worse than a Washington, D. C. 
summer, without air conditioning. 

On the extracurricular side, regarded 
by SCAP as an important part of orienta- 
tion to the Japanese environment, Mission 
members visited many places of cultural 
interest and natural beauty. They were 
honored guests at numerous teas and at 
official prefectural and city dinners. They 
had a notable visit with Mr. Kokichi 
Mikimoto, famous as originator of eul- 
tured pearls. Japan’s fine hand industries 
such as cloisonne, demascene, lacquer, 
wood prints, and fine textiles were seen 
in detail. Several major Japanese street 
festivals were fortunately, if fortuitously, 
encountered. Other notable experiences 
of groups included white-water boating 
on mountain rivers, partaking of the 
famed public.baths of Nabori Betsu, visit- 
ing the ancient Ainu tribe, sailing and 
boating on the scenic Matsushima Bay, 
visiting a number of Japan’s fine shrines, 
and others. Small Japanese stores and 
shops, streets, and their people were per- 
ennially interesting. Even the _ trans- 
pacifie flights, though involving three 10 
to 13 hour hops, were not without interest. 

The writer believes that he speaks for 
all of the Mission members in stating that 
as a professional experience the Mission 
proved stimulating and satisfying and 
that as a personal experience it was richly 
rewarding. The Mission believes that it 


may have contributed its bit to interna- 
tional understanding and good will. 
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Appendix 


Organization of Engineering Education 
Mission to Japan 


On October 13, 1950, Major General 
W. F. Marquat, Chief, Economie and Sci- 
entific Section (ESS), Supreme Commander 
Allied Powers (SCAP), wrote former ASEE 
President Thorndike Saville indicating sup 
port for an engineering education mission to 
Japan. He suggested that fifteen men, 
covering various engineering fields, spend 
eight weeks in Japan. President Dawson 
referred the letter to Dean W. R. Woolrich, 
as Chairman of the Committee on Interna- 
tional Relations of the Engineering College 
Administrative Council of ASEE. Dean H. 
P. Hammond agreed to serve as chairman of 
the Mission, did much of the organization 
and recruitment of members, then had to 
withdraw because of unavoidable commit- 
ments that developed. The writer at this 
point accepted the chairmanship. 

The Unitarian Service Committee, a non 
sectarian, non-political, non-profit, human- 
itarian agency, accepted responsibility for 
administrative services under Department of 
the Army Contract No. DA-49-083-03A- 
256. Miss Dorothy E. Snavely, Assistant 
Director of Medical Projects of USC, ae- 
companied the Mission as Executive Officer, 
caring for all living and traveling arrange 
ments. Dr. B. C. Dees, Chief, Scientific and 
Technical Division, ESS, and Col. T. R. C. 
King, Personnel Branch, Office of Occupied 
Areas, Pentagon, were liaison officers in 
Tokyo and Washington respectively. 

Members of the Mission served 
compensation for services, but were paid a 
per diem allowance in lieu of living expenses. 
The USC-Army contract provided transpor 
tation within the United States. Outside the 
United States travel was under military 
orders. Food and housing were provided in 
military billets, actually in the first-class 
hotels in each area operated by the Army. 
VIP (Very Important Person) status was 
obtained for the Mission members, which 
provided facilities and freedom of action 
that greatly increased the Mission’s effee- 
Air Force transport within Japan 
Staff- 
Army 


without 


tiveness. 
saved several days of working time. 
car transport was available on call. 
backing and support was of high excellence 
throughout. The entire mission was without 
untoward incident. 

Members of the Mission included: 
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BEESE, CHARLES W. Prof.—Director, Tech 
nical Extension Div., Purdue University, 
Lafayette, Indiana. 

BRONWELL, ARTHUR B. Prof.—Dept. of 
Eng., Northwestern University, 
Illinois. 

CHEDSEY, WILLIAM R. Prof.—Dept. 

University of 


Elee. 


Evanston, 


of Min- 

ing Eng., Illinois, Urbana, 
Illinois. 

CHRISTIE, ALEXANDER G. Prof. Emeritus— 
Dept. of Mechanical Eng., The Johns Hop- 
kins University, Baltimore, Maryland. 

DikTz, ALBERT G. H. Prof.—Dept. of Build 
ing Eng. and Construction, Mass. Inst. of 
Tech., Cambridge, Mass. 

Dopéer, BARNETT F. Prof. 
of Chemical Eng., Yale 
Haven, Conn, 

Dopa@r, Homer L. Dr. Fund 
Program in Aviation, Norwich University, 





Chairman, Dept. 


University, New 


Director, Cabot 


3urlington, Vermont. 

FincuH, Rogers B. Asst. Prof.—Textile Tech 
nology, Mass. Inst. of Tech., Cambridge, 
Mass. 

HAZEN, HARoLp L. (Chairman of Mission 
Prof. and Head—Dept. of Electrical Engi 
neering, Mass. Inst. of Tech., Cambridge, 
Mass. 

MILLER, ALFRED, L. Prof 
Structures, University of 
Seattle, Washington. 

SAvuER, JOHN A. Prof.—Head, Dept. of I 

Mechanics, Pennsylvania State 
College, State College, Pa. 

STEEL, ErNest W. Prof.—Dept. of Sanitary 
Engineering, University of Texas, Austin, 


Mechani¢s and 
Washington, 


nee ring 


Texas. 

WALKER, Harry B. Prof.—Engineering Ex- 
periment Station, University of California, 
Davis, California. 

WILKINSON, Forp L. Dr.—President, Rose 
Polytechnic Institute, Terre Haute, Indi- 
ana, 

WiLuiaMs, Rosert 8. Prof. Emeritus—Dept. 
of Metallurgy, Mass. Inst. of Tech., Cam- 
bridge, Mass. 


Summary of Report of the Engineering 
Edueation Mission to Japan 


Explanatory note: This summary is taken 
verbatim from the report submitted to Gen- 
eral Ridgway on 25 August 1951 by the Mis- 
sion, which is described in the accompanying 
paper by the Mission Chairman, Dr. Harold 
L. Hazen. A limited number of copies of 


the complete mimeographed report (79 pp. + 


"CATION MISSION 





TO JAPAN 157 
130 pp. of appendices are available at 
Ur Service Committee, 31 
Square West, New Yorl 


The appendices include 


itarian 









program of sessions of 
of talks by Mission members to professiona 
societies; list of plant, public works, and 
university visits; and some of the prepared 
lectures given to id | the Mis n $ 
orientation and summat 


‘<Tn accord with its objectives the Engi 
neering Education Mission to Japan has held 
many meetings in six regions of Japan for 
exchange of ideas with 


Available 


Japanese engine ering 
edueators. evidence 


indicates deep 


interest on the part of the Japanese and 


substantial success in achieving mutuality of 
understanding despite the language barrier. 





} 
>in mo 
1e@ in iong 


‘* Believing that its value must 
the Mission ha 


as cond icted its sessions, 1n 





influence, s phrased its 
report as well 


term 


terms of suggestions based on American ex 


terms of firn 


perience, rather than in 


mendations. The Mission believes that real 
advanees must be made by t Japanese 
themselves in response to Japanese motiva 


tion and Japanese 





spec sugg i 
are embodied in this report are the fol 
lowing: 

‘1, Each individual university should 
have a large measure of autono to d 


velop educational policy and program in re 
s - 


sponse to its special strengths, local con li 
tions, and administrative leadership Th 





Mission be 
tions in universities down through depar 
ild be 


opportunities with adeqt 


lieves that the administrative posi 


ment chairmen sho regarded as careet! 


incentives and 





responsibilities to assure strong positive edu 
I I 

cational policies and programs. 
‘The Mission advocates a large 





tor ind 


of professional freedom 
members, including freedom to do consult 


work with personal remuneration. Staff re 


sponsibilities should be broadly, not har 


rowly specified. 
‘¢The Mission also advocates a large meas 


institutional freedom in fixing the 


ure of 
terms and character of faculty appointments. 


The national public service type of appoint 
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ment appears much too constraining to en- 
courage the adequate development of high 
professional stature in an engineering pro- 
fessor. 

‘¢2. Flexibility within each university or- 
ganization to permit its administration to re- 
spond positively and promptly to changing 
needs and environment is regarded as very 
important. Such flexibility should char- 
acterize the institutional policy for promo- 
tion and appointment of staff, for the use of 
funds within the total amount available to 
the university, and for all internal opera- 
tions. The department is the smallest unit, 
in the Mission’s judgment, that should be 
charged with broad responsibility, if the 
flexibility necessary to strength is to be 
achieved. The chair system appears unduly 
restraining. 

‘¢3. The Mission would emphasize closely 
interrelated teaching and research, rather 
than research alone as the major function of 
the university. 

‘4. Close and personal relations between 
faculty and students and between faculty 
members of all ranks are regarded as a very 
important element in engineering education. 

‘¢5. Much freer interchange of students 
and faculty among institutions and the 
minimization of ‘inbreeding’ in faculty are 
advocated. 

‘<6, The sub-professional level of tech- 
nieal training represented by the former 
Semmon Gakko is vital to a balanced system 
of technical education and to a_ healthy 
growth of industry. A strongly vocational 
option in the new junior college is one pos- 
sible way of providing such training. An- 
other is the use of the former Semmon 
Gakko facilities to provide sub-professional, 
evening programs of a terminal character. 

‘¢7, Close relations between industry and 
engineering universities at all levels from 
student to board of trustees are very im- 
portant elements of strength in American 
engineering education. Such close relations 
would greatly benefit Japanese engineering 
education. 

‘8. The Mission recognizes that Japan’s 
engineering universities share the economic 
difficulties of the country. If Japan is to 
train the good engineers who will contribute 
greatly to economic health, she must ree- 
ognize the inherent costliness of engineering 
education as compared to education where 
extensive laboratories are not required, and 
find the money. 


**9. Japan’s new four-year undergraduate 
engineering program will fall short a year or 
more of meeting the technical level of the 
old engineering degree. American experi- 
ence indicates that a four-year engineering 
program is adequate for most engineering 
students. However, both day and evening 
graduate work should be provided for the 
minority of engineers needing more ad- 
vanced technical preparation. 

‘10. The Mission strongly endorses the 
movement to establish an independent Jap 
anese equivalent of the American Society for 
Engineering Education. Such an organiza- 
tion should greatly strengthen engineering 
education by bringing together regularly 
engineering educators and interested indus- 
trialists from all over Japan for mutual dis 
cussion of common problems. 

“*11, Japanese engineering libraries ap 
pear less widely useful and used than those 
in the United States where the library is as 
important an educational facility as the lab- 
oratory or classroom. Also, gaps in acquisi- 
tions during the past decade, a period of ex- 
tremely rapid technological advance, are 
most serious. Freer circulation policies and 
methods, as well as the filling of serious gaps 
in holdings, are very important problems. 

‘*12. The Mission believes that Japanese 
engineering education could benefit greatly 
by a more widspread use of textbooks and 
also by the use of the discussion-recitation 
technique with homework problem assign- 
ments. In the United States, hard individ- 
ual study and work is regarded as the most 
important element in acquiring the rigorous 
analytical mental discipline which should be 
characteristic of engineers. 

**13. National taxes imposed on gifts to 
publie and private universities seriously dis- 
courage donations by philanthropists and 
companies. Removal of all taxes on gifts to 
universities would stimulate private phil- 
anthropy and would yield great returns in 
the further development of higher education 
in Japan. 

‘14. Because of the relative newness of 
many of the educational ideas now being 
explored and developed in Japanese engi- 
neering education, and the inevitable dif- 
ficulties and discouragements that will occur 
in such a rapid change, it is suggested that 
a follow-up, perhaps a smaller mission, might 
be useful one, two, or three years hence. 
Such a mission should inelude some of the 
present mission personnel plus some new 


members.’? 
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The Engineer—A Parable 


By D. B. 


STEINMAN 


Consulting Engine er, Neu York City 


One day three men—a Lawyer, a 
Doctor, and an Engineer—appeared be- 
fore St. Peter as he stood guarding the 
Pearly Gates. 

The Lawyer stepped forward first. 
With confidence and assurance, he de- 
livered a glib and eloquent address which 
left the Saint dazed and bewildered. Be- 
fore Peter could recover, the Lawyer 
slipped him a writ of mandamus, pushed 
him aside, and strode through the portals. 

Next came the Doctor. With impres- 
sive bearing, he introduced himself: “I am 
Dr. Brown,” he announced. St. Peter 
received him cordially. “I feel I know 
you, Dr. Brown. Many who preceded you 
said you sent them here. Welcome to our 
City!” 

The Engineer, shy and retiring, had 
been standing in the background. He 
now stepped forward modestly. “I am 
looking for a job,” he said. St. Peter 
wearily shook his head. “I am sorry,” 
he replied; “we have no work here for 
you. If you want a job, you ean try the 
other place.” 

This response sounded familiar to the 
Engineer, and made him feel more at 
home. “Very well,” he said, “I have had 
Hell all my life and I guess I ean stand it 
better than the others.” 

Peter was puzzled. “Look here, young 
man, what are you?” “I am an Engi- 
neer,” was the reply. “Oh yes,” said the 
Saint, “a member, no doubt, of the Loco- 
motive Brotherhood ?” 

“No, I am sorry,” the Engineer re 
sponded apologetically, “I am a different 
kind of Engineer.” 

“T do not understand,” said St. Peter. 
“What on Earth do you do?” 

The Engineer recalled a definition and 
calmly replied: “I apply mathematical 


principles to the control of natural 
forees.” 

This sounded meaningless to St. Peter, 
whose temper was always a bit uncertain. 
“Young man,” he said; “you ean go to 
Hell with your mathematical principles 
and try your hand on some of the natural 
forces there!” 

“That suits me,” responded the Engi 
neer. “I am always glad to go where 
there is a tough job to tackle.” Where 
upon he departed for the Nether Regions. 

Soon thereafter strange reports began 
to reach St. Peter. The Celestia! denizens, 
who had amused themselves in the past 
by looking down upon the less fortunate 
creatures in the Inferno, commenced ask- 
ing for transfers to that other domain. 
The sounds of agony and suffering were 
stilled. Many new arrivals, after in 
specting both places, selected the Nether 
Regions for their permanent abode. Puz- 
zled, St. Peter sent messengers to visit the 
place below and to report back to him. 
They returned, their wings aflutter with 
excitement. 

“That Engineer you sent down there,” 
reported the messengers, “has completely 
transformed the place so that you would 
not know it now. He has harnessed the 
Fiery Furnaces for light and power. He 
has cooled the entire place with artificial 
refrigeration. He has drained the Lakes 
of Brimstone and has filled the air with 
cool, perfumed breezes. He has bored 
tunnels through the Obsidian Cliffs and he 
has flung bridges across the Bottomless 
Abyss. He has created paved streets, 
gardens, parks and playgrounds, lakes, 
rivers, and beautiful waterfalls. That 
Engineer has gone through Hell and has 
made of it a realm of industry, peace, 
and happiness.” 
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A “Year-in Industry” for Educators 


By DAVID L. ARM 


Dean, School of Engineering, University of Delaware 


“Industry has a profound interest in, 
and responsibility for, contributing to en- 
gineering education. The key to quality 
leadership for our nation and its indus- 
tries is in the hands of our colleges. To 
use this key successfully, our colleges must 
clearly understand their problem, not as 
it used to be, but as it is today, and as it 
will be tomorrow.” 

This statement by Dr. Granville M. 
Read, Chief Engineer of E. I. du Pont 
de Nemours & Company, on January 20, 
1951, inaugurated a unique program of 
cooperation between a large and diver- 
sified engineering department and engi- 
neering education. The occasion was the 
Second Annual Industry-College Confer- 
ence sponsored by the American Society 
for Engineering Education which was held 
on the campus of the Case Institute of 
Technology in Cleveland. 

Specifically, Dr. Read offered to invite 
several engineering educators into Du 
Pont’s Engineering Department each year 
on leave of absence from their regular 
college duties. He proposed that these 
educators spend 12 months, not on direct 
job assignments, but on a schedule taking 
them through the entire engineering or- 
ganization. The purpose of the program 
is to give each participant an opportunity 
to study, from a top management view- 
point, the organization and operation of 
a large and complex engineering depart- 
ment. 

In order to insure the most effective 
utilization of the program’s benefits, it 
was decided that invitations would be ex- 
tended to engineering educators who had 
wide influence in their respective colleges 
and who were responsible for the deter- 


mination of educational policy. Acecord- 
ingly, those holding positions of Dean, As- 
sistant Dean or Department Chairman in 
accredited engineering colleges and who 
take active parts in the activities of pro- 
fessional and technical societies were to be 
invited to participate. 

The program actually began on April 1, 
1951, when the writer, who was honored 
by being selected as the first engineering 
college administrative officer to be invited 
to participate, reported at the Du Pont 
offices in Wilmington, Delaware, to begin 
his “Year-in-Industry.” John W. Whitte- 
more, Associate Dean of Engineering at 
the Virginia Polytechnic Institute joined 
the program in July, and Virgil M. Faires, 
Professor of Mechanical Engineering and 
Head of Post-Graduation Studies at the 
Texas A. & M. College, began his par- 
ticipation in August. Since the writer is 
now completing his year’s participation, 
he believes that it would be timely for an 
evaluation of the benefits accruing to both 
engineering education and industry. A 
number of our leading industrial compan- 
ies have recognized their obligation to as- 
sist engineering edueation and have spon- 
sored seminars and conferences in which 
many representatives of engineering facul- 
ties have participated. As those who have 
attended these programs are well aware, 
the pattern of these efforts varies widely 
and the time devoted to them ranges from 
several days to as much as several months. 
A few industrial concerns hire younger 
faculty members of engineering colleges 
for direct job assignments in their engi- 
neering organizations for periods ranging 
from the summer vacation to employment 
for a full year. So far as can be deter- 
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mined, however, the Du 
Industry” is the only 
comprehensive scope and with as much 


such 


continuing effort by the sponsoring organ- 
ization. 
Objectives 


All programs of the types mentioned 
have the following common objectives: 


1. To acquaint faculty representatives 
with the sponsoring organization by giv- 
ing them a broad view of its organiza- 
tional structure, its activities and its oper- 
ating problems. 

2. To acquaint the participants with the 
company’s philosophies and practices with 
respect to stockholders, em 
plovees and to the community. 

3. To make available information about 


customers, 


the American business system and how it 
operates. 

4. To make known the edueational re- 
quirements of the company for potential 
emplovees. 

5. To give participants an opportunity 
to learn about careers for graduates with 
the company or with the particular in 
dustry represented by the company. 

6. Through enable the 
company to and ob- 


discussions, to 
benefit from 
servations of the edueators. 


ideas 


Activities 
During the writer has 
had the opportunity of observing the or- 


past year, the 
ganization and operation of a department 
whose activities are perhaps more diver- 
sified than those of any other engineering 
organization. These activities range from 
fundamental through the de- 
velopment of special instruments and ma- 


resea reh, 


chines, the complete design and construe- 
tion of new industrial plants and installa- 
tion of the equipment, to the rendering of 
engineering services to plants in full pro- 
duction. In addition, the department con- 
ducts its own personnel, training, account 
It has 
approximately 3000 people on its salary 
roll and an additional 35,000 in its con- 
struction force which presently is con- 


ing, and cost estimating functions. 


INDUSTRY’? 


FOR EDUCATORS 101 
structing new plants or enlarging existing 
Du Pont plants at 23 locations from New 
York to Texas. 


design, construction and placing in opera 


It has just completed the 


tion of a new cellophane plant for one 
company and is designing and construct 
ing a complete new plant for the produe 
tion of nylon for another, both becoming 
competitors of Du Pont. Also, it is en 
gaged in the design and construction of 
huge new facilities which will be operated 
by Du Pont for the Atomie Energy Com 
mission. 

Every effort has been made by Du Pont 
to insure “Year-in-In 
exception ol 
the Atomie 


no polie Cs 


suecess for the 
With the 
classified work being done for 
Energy 


dustry” program. 


Commission, , costs 01 


procedures have been withheld from the 


participants. We have had the opportun 
itv of observing and diseussing all phases 
of the work of the department. We have 
discussed organizational and operational 
problems with representative people from 
the craftsmen in the field and engineers in 
the offices and the plants to managers of 
the several f tl 

We have spent a considerable ame 


diy isions ( 


the department 
runt ot 
time with the construction forces on sev 
different We have 
privileged to visit many of the 


eral projects. been 
research 
laboratories and plants and have been in 
vited to attend 


covered the entire 


meetings whose subjeets 
range ot 


We have observed the various specialized 


engineering. 


training programs and have taken an a 
tive part in some. No individual has been 
told what he may or may not diseuss wit] 
In tact, it 


seems to us that everything that could 


us, deseribe to us, or show us 


have been done to make our “Year-in-In 
” ’ } ' : 

dustry” more pleasant and profitable has 

done. We had the 


hearted cooperation, not only of manage 


heen have whole 


ment, but of countless individual workers 

In the 22 years that have elapsed sinet 
the writer left industrial employment to 
enter the engineering teaching profession, 
many significant changes have, of course, 


} 


occurred. Not only have products and 


manufacturing changed con 


pro¢ esses 








siderably, but manufacturing tools and 
facilities have been greatly improved. 
However, the greatest change for the bet- 
ter, it seems to us, has been in the field 
of human relations. 


Improved Human Relations 


All jobs have been made more pleasant, 
safer, and easier to accomplish with a 
minimum expenditure of physical effort 
and with a consequent decrease in fatigue. 
The worker is well protected against 
financial crises from accidents and illness 
and every effort is made to insure his 
financial independence after retirement. 
In the event of his death, his family is 
protected by liberal group plan life in- 
surance. He has the highest standard of 
living in history with the shortest working 
hours and unequalled recreational facil- 
ities. All these things we have found to 
be true in Du Pont and we believe that this 
company is representative of modern in- 
dustry. As for young engineers, we see 
unlimited opportunities to travel far along 
the route of professional advancement and 
satisfaction. 


Benefits 


It seems to us that the type of program 
in which we have been engaged yields the 
following benefits : 


1. Through an interchange of informa- 
tion, both industry and engineering col- 
leges better understand each other’s prob- 
lems. 

2. It should make for educational pro- 
grams better suited to the needs of in- 
dustry. 

3. It should result in better counseling 
of students. 

4. It enables the individual who par- 
ticipates to observe at first hand engineer- 
ing in action. 
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5. It creates good publie relations both 
for industry and for engineering educa- 
tion. 


The greatest benefits are long-range and 
perhaps can never be subject to complete 
evaluation. It seems logical to assume, 
however, that as more engineering college 
administrative officers take advantage of 
such opportunities the benefits to engi- 
neering education will increase accord- 
ingly. All industry will then be supplied 
with better trained graduate engineers be- 
cause of better policies, methods, and 
philosophies adopted by the engineering 
colleges. Because we are thoroughly con- 
vineed of the value of this type of pro- 
gram in promoting better understanding 
between industry and engineering colleges, 
we should like to see more companies fol- 
low the lead of Du Pont. The very nature 
of the program which we have just com- 
pleted involves a tremendous expenditure 
of time and effort by the sponsoring or- 
ganization so that not more than five 
participants per year could be accom- 
modated by any one company. This leaves 
much ground to be covered if all ac- 
credited engineering colleges are to be 
given the opportunity of participating in 
programs of this sort. Since the benefits 
acerue to al] industrial companies, other 
progressive organizations might well con- 
sider similar plans. Since the salaries of 
the participants, plus reasonable expenses, 
are paid by Du Pont, the direct financial 
expenditure is sizable. We have been as- 
sured, however, that Du Pont believes that 
the cost in time, money and effort is well 
worth while. Certainly, we who are par- 
ticipating are sure that the investment of 
our time and effort has been well repaid 
and will reap future dividends. 











An Adventure in Engineering Education 


By J. 


TRUEMAN THOMPSON 


Professor of Civil Engineering, The Johns Hopkins University 


and 


W. WORTHINGTON 


EWELL 


Assistant Professor of Civil Engineering, The Johns Hopkins University 


This is the an experiment 
which has resulted in a course known as 
“Library Projects” now included in the 
Civil Engineering program at Johns Hop- 
kins. The experiment from our 
observation that engineering students ean- 
not write as well as they should, and that 
the scope of their interests is too limited. 
Of course no one is to blame for this but 
their mentors, who, blinded by the im- 
portance of their own specialties, have 
insisted on technically burdened curricula 
and overcrowded programs. 

We had that although 
the combined libraries of The Johns Hop- 
kins University contain some 800,000 
hooks, and that nearly five hundred engi- 
neering undergraduates each day wander 
contagiously close to these establishments, 
only an ambitious few are tempted into 
doing business. Nor is this phenomenon 
peculiar to the Hopkins campus; it is safe 
to guess that there are other universities 
with library stacks left undusted by their 
engineers. 

And even when the typical engineering 
student does enter a library, he usually 
does so in order to fulfill a certain need. 
Unfortunately, self-motivation seldom 
prompts either his entrance or his need. 
Almost invariably he is out to gather some 
facts for use in connection with some tech- 
nieal report or problem, at the insistence 
of some professor who probably has made 
the procedure as painless as possible by 
arranging for the presence of the needed 
material on the reserve shelf. 


story of 


arose 


also observed 


And when he has the 
often he 


facts, all too 
them in a 
that is a far ery from his more carefully 
written productions of Freshman English. 
There at least the quality of his writing 
was criticized 
tion is 
curacy. 


presents document 


atten- 
technical ae- 
The plain facts are that very few 
teachers of engineering care a hoot about 
the literary value of a report, and not 
more than a trace of such student papers 
offer any real opportunity for a display 
of writing skill. 


here it is ignored 


focused solely on 


Evolution of the Course 


It took several years of experimentation 
to evolve the course which is proving so 
useful and enjoyable to both faculty and 
students. In its evolution we kept three 
objectives constantly in mind. First, we 
felt it was important that our students 
learn how to use libraries intelligently 
and efficiently. believed that 
nothing we could do for them was of more 
consequence than to convince them of the 
importance of being able to write well and 
to help them to improve their skill. And 
finally we were sure that as a collateral 


Next, we 


we would earn their everlasting thanks 
for the vistas opened to distant horizons 
by the inculeation of the “library habit.” 

Lest we be judged presumptuous by our 
colleagues in our Department of Writing, 
Speech, and Drama, our library staff, and 
our readers, let us hasten to say that from 
the inception of the thought, through its 
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experimental development and on into its 
mature application, we have had the ad- 
vice and cooperation of our friends 
normally responsible for instruction in 
writing and in the use and operation of 
the libraries. One is justified in asking 
why we did not turn the job over to these 
professionals, who are admittedly more 
competent in the field than a staff of 
engineers. There are two reasons. One 
had to do with convenience. The complete 
informality which we held so important 
to the undertaking demanded that each 
participant be a member of a small group, 
say not more than a half dozen, under the 
tutorial guidance of a faculty member 
especially chosen for his ability and above 
all for his interest in the adventure. 
There are no fixed schedules. The whole 
class meets not more than a half-dozen 
times during the year and then only when, 
at the beginning, plans and intial instrue- 
tions are being discussed, and at other 
times when important corners are being 
turned in the course. 

The other reason was based on the belief 
that it would appear novel to our students 
to discover that older, more experienced 
and respected engineers consider the sub- 
ject of great importance. By contrast, 
our colleagues in English would naturally 
be interested in writing and in library 
research. Faith in this psychology has 
been amply justified. 

As has been stated, one of the objectives 
of the course is to stimulate an interest in 
the library through a more intelligent use 
of its services. How is this accomplished? 
Since the key to the effective use of any 
library is found in its reference books, 
card files, indexes, and bibliographies, the 
first hours of the course are spent in- 
troducing these tools. Thereafter each 
student spends an hour or more of each 
week personally ferreting out of the 
libraries miscellanea of every conceivable 
sort. 

Assignments Varied in Nature 


Why should the assignments be so 
varied in nature? After saturating the 
undergraduate with a four-year flood of 


technical subjects, why should the assign- 
ments be anything else? Our students 
know of Castigliano and of his contribu- 
tions to structural analysis, so they are 
asked to learn something of Castiglione 
and his contributions to Italian literature 
and diplomacy. On the other hand, they 
may be on intimate terms with Sir Walter 
Raleigh, while Lord Rayleigh waits to be 
introduced. But personalities are not the 
students’ concern for long—encyclopedias 
and biographies yield their information 
too easily. For the next few hours, they 
sean the Engineering Index for all of the 
important articles on Space Frames, or 
they leaf through the Reader’s Guide to 
Periodic Literature in search of a mag- 
azine article entitled “South of Khyber 
Pass.” Rapidly, the assignments become 
more detailed in nature and the seeker 
finds himself involved in a multi-phased 
search. A progressive passage through 
the World Almanac, The Who’s Who for 
1900, and the Congressional Reeord might 
be necessary to answer the question, “Who 
was the elder senator from North Carolina 
in 1900, and what was his most important 
contribution on the Senate floor during 
that year?” In all of these initial ven- 
tures, the students have only to furnish 
an answer and to state the source of their 
information. 

As the course progresses, the assign- 
ments become more subjective, with the 
intention of arousing interest in the an- 
swer as well as in the search. Delighted 
with the nonsense answer of the “Holy 
Bottle,” one student read more of the 
adventures of Rabelais’ “Pantagruel.” 
Another student, investigating the sub- 
ject of “post-inpressionism,” was moved 
to visit the Matisse collection at the Balti- 
more Museum of Art. And a third, in- 
trigued by his newly acquired knowledge 
of “The Forms of Music,” visited the 
Musie Room of the Enoch Pratt Library 
in Baltimore, where he listened critically 
to several recordings to see if he could 
recognize the difference between the con- 
certo and the symphony and detect the 
appearance of the cadenza in the former. 
During this phase of the course, we re- 
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quire that short essays on the subjects be 
submitted for criticism. 

Ultimately, the real project phase of the 
course is begun. Calculated to test the stu- 
dents’ newly acquired abilities, subjeets 
such as “The Colonization of Afriea” and 
“Bird Life Along the Gulf Coast” are sug- 
gested. The freest selection of topic is en- 
couraged, provided that the subject is suf- 
ficiently broad in its scope. Written reports 
on such library projects are rarely suecess- 
ful when they fail to draw from all avail- 
able library facilities. 

Preliminary excursions through the li- 
braries acquaint the student with his 
selected theme and enable him to make 
tentative restrictions on the broad topie. 
Out of the welter of information coneern- 
ing African Colonization may eome a 
decision to report on “The Transvaal, 
Former British Colony.” Eventually, a 
preliminary outline on this necessarily 
restricted phase of the general project is 
submitted. 

Research 


After gaining approval on his_par- 
ticular interest, the student is free to 
proceed with the serious business of re- 
search. This follows a series of well- 
ordered rules. The preliminary brief is 
developed into an organized outline of the 
subject and as these ideas coalesce, a work- 
ing bibliography is gathered together. 
Next, notes are taken on small ecards 
which permit the expression of only a 
few ideas directly pertinent to one small 
portion of the outline. Eventually the 
student has before him a series of ecard 
notes amplifying every item in his outline 
and a completed bibliography from which 
he ean draw additional information. By 
this process, he has gained a familiarity 
with the subject that permits him to write 
a short but nevertheless bona fide research 
paper. 

The mechanics of the course are simple, 
allowing a great amount of flexibility. As 
noted above, the class is divided into 
groups of not more than a half dozen, and 
each division is placed under the guidance 
of a different instructor. Both students 


and staff members are forced to accept 
new techniques and view points several 
times a year under a simple rotational sys 
tem. In order to supplement instruction 
by the staff, the text book “The Research 
Paper,” by Hook and Gaver, is used by 
all class members. 


What is Accomplished? 


What does this new course accomplish? 
We believe that it does three things. Of 
primary importance is the knowledge 
gained of library facilities and techniques. 
For those who continue their education in 
the Hopkins graduate schools, the ability 
to conduct an intelligent library research 
is of indisputable value. For those who 
enter industry, many questions inevitably 
arise whose answers ean easily be found 
only on library shelves. 

Too many engineering students have 
a disdain of anything that cannot be 
formularized or converted into practical 
value. The Library Projects course offers 
them one last chanee to throw off this 
pall of indifference in which they have 
been shrouded. In this respect the in 
struction has been singularly sueecessful. 
Out of their weekly visits to the library, 
there comes to most students an awakened 
interest in things non-technical. Probably 
because they suffer so badly from an 
obvious dietary deficiency, engineering 
students grasp more hungrily than most 
at fare grown in the garden of words and 
ideas. 

The experience gained in writing the 
short essays and the final research paper 
cannot be minimized. There are some who 
will deery the value of these efforts by 
claiming that written technical reports 
produce the same effect. Actually, the 
effects are not the same, for the efforts 
that produce them are far from alike. To 
prove this, one has only to contrast the 
uninspired efforts put forth on the average 
technical report with the enthusiastic ap- 
plications shown in a subject that arouses 
personal interests. One always writes best 
and with the greatest ease and enjoyment 
on a subject of one’s own choosing. The 
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Library Projects course adheres strictly 
to the principle of free selection of sub- 
ject matter and in doing so fosters the 
student’s best efforts. The quality of the 
short essays and the research papers at- 
tests to this. 

This complex and ever-changing world 
demands an appreciation of it which is 


often lacked by members of the applied 
and exact sciences. And many engineers 
and scientists will live and die in their own 
tightly circumscribed little worlds, eom- 
pletely unaware of their lack. Courses 
like “Library Projects” may help some of 
them add a little color to the drab fabrie 
of their everyday existence. 


Sections and Branches 


The 18th annual meeting of the South- 
eastern Section of the ASEE was held 
at Clemson, 8. C. with Clemson College as 
host on April 10, 11, and 12th. 

On Friday morning the meeting was 
called to order with R. L. Sumwalt presid- 
ing. The Chairman introduced M. I. Man- 
tell who presented a paper on “Admission 
Requirements for Engineering Schools.” 
C. H. Brown followed with a talk entitled 
“A Program for the Engineering Profes- 
sion.” The third speaker was C. F. 
Hudgins with a paper on “High School 
Counseling.” 

S. C. Hollister, President of the ASEE, 
discussed “The Critical Shortage of Engi- 
neers.” Dean Hollister told of the work 
of the Engineering Manpower Commis- 
sion and showed how the estimated 20,000 
graduates a year were obtained from a 
total of 800,000 18-year-olds. Dr. Hol- 
lister cited the increase in the percentage 
of engineers to the total labor force and 
made the observation that the profession 
has become of age. He cautioned against 
over-expansion, and stated the need is for 
more engineers with better training, and 
not just graduates. 

The Chairman next introduced O. Meier 
who outlined “A High School Guidance 
Program for Prospective Engineering 
Students.” J. D. Lane spoke on “Science 
in Our Times.” 

The following names for officers of the 
Southeastern Section for next year were 
presented: Chairman, T. V. Terrell; Vice- 
Chairman, J. R. Cudworth; Secretary- 
Treasurer, B. M. Bayer; Representative 
on the General Council, F. H. Pumphrey 
(elected in 1951 for two years). A motion 


was made that the nominations be closed 
and that the names presented be elected by 
acclamation. The motion was seconded 
and passed. 


The annual meeting of the Rocky Moun- 
tain Section of the ASEE was called to 
order by Section Chairman E. J. Lindahl 
at the University of Wyoming on April 
19, 1952. 

H. T. Person introduced the first 
speaker, W. C. van Dyck, who presented 
a paper on “Some Present and Long 
Range Trends in Industrial Reeruiting 
and Training.” TT. H. Evans gave a talk 
on “The Moves for Unity in Engineering.” 

The following slate of officers was nom- 
inated and unanimously elected for 1952- 
53: Chairman, C. A. Hutchinson; Vice- 
Chairman, A. Diefendorf; Secretary, K. 
H. Stahl. 


The 17th annual meeting of the Al- 
legheny Section of the ASEE was held on 
April 18, 1952 at the Pennsylvania State 
College. M. M. Boring, Vice-President of 
the ASEE, was introduced and the other 
National Officers who could not be present 
sent their regrets. The following papers 
were presented: “Improvement of Engi- 
neering Teaching,” by B. V. Moore; “The 
Opportunities for Young Engineering 
Teachers in ASEE Activities,’ by M. M. 
Boring; “Pitching and Catching,” by J. 
O. Perrine. The following names for of- 
ficers were presented: Chairman, C. H. 
Cather; Vice-Chairman, I. W. Short; See- 
retary, A. L. Reed. It was moved and 
seconded that nominations be closed. Mo- 
tion was carried. 
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Tests for Engineering College 
Applicants and Enrollees 


By A. PEMBERTON JOHNSON 


Project Director, Educational Testing Nervice 


The Pre-Engineering Ability Test, an 
80-minute combined half-length version of 
the two parts of the Pre-Engineering 
Inventory which are most predictive of 
Ist term engineering grades, is replac- 
ing the Pre-Engineering Inventory in a 
number of engineering colleges. Although 
the 4-hour Short form and the 6-hour 
Long form of the Inventory are continu- 
ing to be used at certain engineering col- 
leges, the demand for these longer forms 
appears not to justify their sale after 
June 30, 1952. Accordingly the general 
sale of Pre-Engineering Inventory test 
books will be discontinued after June 30, 
1952, although present users who need 
books can be accommodated. 

Answer sheets will continue to be avail 
able. 

In the same way that the Pre-Engineer- 
ing Ability Test has replaced the Pre- 
Engineering Inventory for local use of 
engineering colleges, the College Entrance 
Examination Board tests, particularly the 
Scholastic Aptitude Test, has replaced the 
former National Testing Program of the 
Pre-Engineering Inventory. The College 
Board tests, being available at up to 500 
centers in the United States and in 20 
foreign countries five times a year, are 
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especially useful in evaluating applicants 
who cannot conveniently travel to the col 
lege (s) to which they are applying. 

The College Transfer Test available at 
the same times and places as the Col- 
lege Board tests is coming into wider 
use as a means of evaluating the general 
ability level of transfer applicants. Use 
of the Sophomore Engineering Achieve- 
ment Tests for this purpose and for end 
ot Sophomore year evaluation has de- 
clined to the point that sale of test books 
for these tests is being discontinued June 
30, 1952. Sophomore Achievement Test 
answer sheets will continue to be available. 

A new 3-hour Advanced Test in Engi 
neering of the Graduate Record Examina- 
tions became available in the fall of 1951 
for evaluating a college senior’s or grad 
uate school applicant’s ability to apply his 
engineering background to appropriate 
problems in basie engineering science and 
in one of four major fields: Chemieal, 
Civil, Electrical or Mechanical Engineer- 
ing. This test may be taken by individual 
students or entire senior classes. 

Additional information regarding any 
of these tests may be obtained from Dr. A. 
Pemberton Johnson of Educational Test 
ing Service, Princeton, New Jersey. 








“Winning Teams” 





* 


By ERHARDT C. KOERPER 


In Charge of Special Projects Engineering, A. O. Smith Corporation, Milwaukee, Wisconsin 


This subject was chosen with emphasis 
on the “team,” rather than on the “win- 
ning” beeause when a good team is in- 
telligently directed there is little question 
about its probable success. The primary 
consideration is the team and its member- 
ship. 

A team ean be defined as a group of 
individuals, each with his specialty com- 
plementing the other’s toward the accom- 
plishment of common objectives. For the 
moment, let us give particular attention to 
the “engineer-technician” teams now work- 
ing in industry, commerce and science. 


Team Characteristics 


An effective winning team must first 
have a worthwhile objective, then inspired 
leadership with able working members and 
finally, a persistence born of inspiration. 
A certain spiritual quality must be pres- 
ent for success, and, if present, will be a 
guiding light toward worthy and lasting 
objectives. x 

Leadership depends primarily on the 
ideas and‘ideals of one individual or a 
very small group of individuals. These 
personal spark plugs establish the poten- 
tialities of the objectives. However, the 
spark must be transmitted to the working 
members of the team before leadership is 
effective. 

In every organization there are certain 
optimum relationships between the spe- 
cialization of its members. In earlier 


* Condensed from the annual address at 
the James H. McGraw Award to Robert 
Hoover Spahr on June 26, 1951 through the 
Technical Institute Division of the American 
Society for Engineering Education at East 
Lansing, Michigan. 


years, the ideas of an alchemist or in- 
ventor were generally embodied by his 
own hands and he was limited to that ex- 
tent. At that time our standard of living 
had not risen to take advantage of many 
new ideas. Neither was an extra 10 years 
considered critical in getting a new mouse- 
trap into the hands of the public. That 
tempo has little place in our life today. 
As edueation became more available to 
the masses, technical leadership forged 
ahead. However, with technical special- 
ization there developed a gap between the 
idea and its embodiment. As this eco- 
nomic waste became more apparent the 
logical step to overcome it was the train- 
ing of specialized members who could be 
effective associates in a “winning team.” 


Team Work 


The teams in industry are not as clear- 
cut in their organization as are the athletic 
teams. Neither can the result be so closely 
associated with any single team. 

Our modern, technical teams are made 
up of engineers, technicians, scientists, 
and skilled artisans all working together. 
These are the combat teams of industry, 
whose integrated knowledge, ingenuity 
and esprit de corps make possible our 
technical advancement. 

The good things we have of life today 
come out of thousands of such teams. 
The steam engine, the automobile, the air- 
plane, television and radar; our power 
generating plants; the clothes we wear; 
the gadgets we buy—all these are possible 
because a large number of specialists have 
cooperated in focusing their respective 
abilities toward products for markets. 
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The addition of more adequate training 
and a better integration of these team 
members helps go for the greatest possible 
progress. 


Results of Teams 


For example, take a pocket watch, 
originally known as the “dollar” wateh. 
Not for technical reasons it has inflated 
to $4.25. Without the results of team 
work we wouldn’t even have a vise to hold 
the watch. The best tool available would 
be a stone chisel—and of course we would 
have no steel. 

Look at only a fine screw in this watch. 
It alone required many crews of correlated 
workers to design the equipment and in- 
strumentation needed for its manufacture. 

Thus, steel selling for about 25¢ a pound 
was transformed into these little screws, 
selling for at least $500 per pound. This 
added value was designed into these 
minute screws and yet the watch weighing 
about 3 ounces sells for $4.25, or for less 
than 3 hours wages of the average Amer 
ican worker’s time. 

Then came the teams that developed, 
built and maintained the equipment for 
making it and putting the rest to the watch 
together, and testing it. In addition there 
are the modern pioneers who are con- 
stanly extending our economic horizons by 
research for a still better watch at a still 
lower price. 

Fifty years ago a watch of similar ac 
curacy, if then available, would have re- 
quired 1 to 3 months of the same worker’s 
salary. This value, multiplied no less than 
1000 times, is indeed a great tribute to the 
effectiveness of technical teams. 

On the other extreme in weight, we 
currently mass-produce automobiles which 
sell in the range of fifty cents to a dollar 
per pound. This highly complex vehicle 
is cheaper than beef steak; at present 
prices even cheaper than hamburger. 


Slaves of Socite ty 
Early in eivilization wealth was often 


measured by the number of slaves owned. 
Such slaves working most energetically 


could only produce at an average rate of 


less than 45 horsepower 


The ownership 
of only a single human slave was the sign 
of a plutocrat. Where do we stand today 
on the matter of slave labor? 

Now, in comparison, each of us is a 
millionaire. National averages give each 


of us about 6 kilowatts of electrical power, 


or the equivalent of about 100 man power. 
These electrical slaves are alert, efficient, 
ever ready to serve our bidding at any 
time of the day or night, in winter or 
summer. 

Let us pay each of these slaves his eur- 
rent competitive rate. On this basis we 
would receive the fantastically low rate of 
Mo of a cent per hour. Though difficult 
to realize, this means that every man, 
woman and child in our United States has 
an average of 100 efficient slaves available 
at a total cost of only 10 cents per hour. 
Is there any question how we can produce 
at high rates and maintain high standards 
of living? Are there any limits to the 
food we can do? 

The significant fact is that all these ac 
complishments have been made possible 
through the constant striving of hundreds 
of effective technical teams working in 


favorable economie climate. 


International Technical Leade rship 


Scientific and technical leadership is in 
international transition. Certain phases 
of it are moving from Europe to the 
United States. 

For many years the European schools 
and industries have sent us a rich supply 
of scientists, engineers, and technicians. 
This supply of good men, especially of 
high-grade technicians, has been shut off. 
Now, lacking that vitalizing source, we 
must assume the responsibility of ade 
quately training our own team members 
for technical survival and growth. 

In Russia the technical team is ree 
ognized as a very effective means for be- 
Their litera 
ture is showing rapid progress in many 
fields with such teams. We hear that there 
are between 100 and 300 technical in 


coming more competitive. 











500 ‘WINNING TEAMS”? 


stitutes behind the Iron Curtain. For 
comparison we have perhaps 50, of which 
only about half are aceredited. As for 
size, the overwhelming chances are that 
the Russian counterparts are considerably 
larger than ours. 


Economic Climate 


Even though we need many more tech- 
nical teams, those we have tend to be 
more effective than those of our total- 
itarian competitors because of four very 
important and basic factors which help 
define our economie climate. 

We should know more about these fac- 
tors, not only to take fuller advantage 
of them, but also to preserve their in- 
herent virtues for the individual against 
the inroads of indifference and false secur- 
ity. These factors, are our: 


1. Competitive system of free enterprise 
which rewards the individual on a 
basis of his productivity. 

2. Personal productivity is multiplied 
through the intergration of special- 
ized personal abilities. 

3. Mass demand for products is main- 
tained by high take-home pay for in- 
dividual productivity. 

4. Patent system encourages equitable 
reward and keeps invention competi- 
tive for the good of the public. 


Ratios of Team Members 


The winning team in industry, has 
changed its shape and activity over a 
period of time. It continues to change. 

The pioneering Spahr-Wickenden re- 
port of 1929 showed that such teams were 
made up of about three technicians for 
2ach professional member. About 14 
years later another basie report, in which 
Mr. Spahr was again a major contributor, 
showed an average of about five tech- 
nicians for each professional member. 

The difference between these two figures 
was caused in part by the addition of the 
distributive industries in the latter report, 
and in part to the increasing use of 
technicians since the first-mentioned re- 


port. In some industries where servicing 
and installation is high, the ratio now goes 
up to 11 technicians for each professional 
member. 

Currently, the number of qualified tech- 
nicians graduating as compared with the 
engineers graduating is in the ratio of ap- 
proximately one to one. If the spade 
work is to be done in ratios ranging be- 
tween 5 to 11, to each professional mem- 
ber we must ask the question, “Are we 
keeping technically abreast of competi- 
tion?” 


Technical Institute Progress 

This Division is progressing soundly on 
the basis of established fact and analysis. 
These have ineluded: 1) analysis of Tech- 
nical Institute type of curricula, 2) a 
study of the jobs of Technical Institute 
graduates expressed in the same basic 
terms used to deseribe individuals, and 3) 
constant upgrading of academic quality 
through curricula accrediting by ECPD 
and course approval by NCTS. 


Objectives 
The following major objectives will 
help in building and utilizing winning 
technical teams : 


1. Establish a clearer understanding of 
the nature and function of the tech- 
nician. Until this is undertood their 
utilization will only be a small frac- 
tion of what it should be. 

2. Dignify the term “technician” or its 
substitute. Both the technician and 
the engineer, as well as management 
need to recognize their mutual inter- 
dependency. 

3. Develop closer contacts with industry 
in order to better train technicians as 
well as to encourage their broader 
utilization. The technicians’ educa- 
tion is unique and should not be 
deviated by either trade school or 
college educational objectives. 

4. Give students better counseling which 
is based on facts about jobs as well 
as individuals. 


~ 





mm 


oT 


~~ 


Cw bv PP 





1g’ 
CS 


al 





‘“WINNING 


In Appreciation 


Those in industry who see the serious 
problem of developing winning technical 
teams appreciate and hold in high regard 
the efforts of the Technical Institute Divi 
sion of the American Society for Engi 


College 


Plans for dedication of the new Metals 
Processing Laboratory at the Massachu- 
setts Institute of Technology on Tuesday, 
June 3, have been announced by Dr. 
Thomas K. Sherwood, Dean of Engineer- 
ing at the Institute. The dedication pro- 
gram will be followed on June 4 and 5 
by a two-day technical conference on 
metal cutting which will feature speakers 
of national reputation in the metal cutting 
field. 

Dedication exercises for the new build- 
ing, made possible by a gift of $1,000,000 
from Alfred P. Sloan, Jr., Chairman of 
the Board of General Motors Corporation, 
will include a presentation address by Mr. 
Sloan and an address of acceptance by 
M. I. T. President, Dr. James R. Killian, 
Jr. 


Recent developments in Aeroelasticity 
will be reviewed in a special course to be 
given from July 14 to July 22 during the 
1952 Summer Session at the Massachu- 
setts Institute of Technology. 

The program has been designed for both 


TEAMS”? sol 


neering Education and are anxious to 
work with you. Already you have made 
You still have 
broad, fertile fields to clear and to eul 


great strides of progress. 


tivate. I know that you will continue to 


be increasingly suecessful 


Notes 


the practicing aeroelastician and the engi 
neer in related fields. General topies will 
include Introduction to Aeroelasticity, 
Aerodynamie Tools of the Aeroelastician, 
Theoretical Solution of Practical Aero 
elastic Problems, and Dynamic Models and 
Wind-Tunnel Testing. 


The appointment of John E. Dean to be 
professor of electrical engineering and 
head of the electrical engineering depart- 
ment at Colorado A & M College is to be 


effective August 1, 1952. 


Admiral Edward L. Cochrane, head of 
the Department of Naval Architecture and 
Marine Engineering at the Massachusetts 
Institute of Technology since 1947, has 
been appointed Dean of the School of 
Engineering. 

Admiral Cochrane succeeds Dr. Thomas 
Kk. Sherwood, Dean of Engineering since 
1946, who has asked to be relieved of the 
administrative duties of the dean’s office to 
devote full time to teaching and research 
in chemical engineering, in which he has 
been a member of the faculty since 1930. 











How Can Industrial Training Aids be 
Adapted for Classroom Use? 


By JOHN GAMMELL 


Supervisor of Sales Training, Allis-Chalmers Mfg. Co., West Allis, Wisconsin 


The education and training that engi- 
neers receive in college is continued by 
industrial companies that employ them. 
Unlike colleges, employing companies can 
use an economic yardstick in measuring 
the usefulness and effectiveness of educa- 
tion and training. It is largely for that 
reason that industry has turned to train- 
ing aids as a means of speeding up, and 
in some eases, improving the learning 
processes. Training aids make it possible 
for industry to train more men quickly 
and to conserve the time of skilled in- 
structors as well as the time of the 
trainees. 

It is felt that some industrial training 
aids may be used in modified form by col- 
leges and universities as teaching aids. 
The author would like to discuss some of 
the visual training aids used by the Allis- 
Chalmers Manufacturing Company which 
are considered typical of industry. 

Industrial training aids, generally, fall 
into two categories: job training and sales 
training. Sales training also includes 
those materials which are actually used 
as sales tools by field salesmen. Job train- 
ing aids are of little value to colleges since 
they are usually of limited scope, treat 
specific instances rather than principles, 
are built around the rules and practices of 
a specific company and are planned for 
a relatively untrained mind. Sales train- 
ing aids and sales tools, on the other hand, 
may often have a high value to the engi- 
neering school. 
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Industrial Films Available 

There is one other instrument of learn- 
ing which does not properly come under 
either of the above headings, but which 
may be available to colleges. Occasionally 
scientific investigations conducted by in- 
dustrial companies are done in such a way 
that the experiment is, in a sense, repro- 
duceable in the classroom. Most com- 
panies are happy to supply prints of films 
(for example, where the work is not a 
government or commercial secret) at cost 
or less. 

The form in which these materials are 
available varies depending on the purpose 
for which they were prepared. One of 
the most common materials, of course, is 
motion picture film. Almost every com- 
pany of any size has one or more motion 
pictures of their products which may have 
some interest and value for the engineer- 
ing student. Many companies also have 
slidefilms, both silent and with sound, 
which are particularly valuable as teach- 
ing aids because of their adaptability. 
Some companies supply their salesmen 
with various types of scale models or 
schematic devices to illustrate the prin- 
ciples of the machine or product which the 
company manufactures. Most companies 
would probably be glad to order extra 
units and sell them to colleges at cost or 
less. 

It is recognized that most of these mate- 
rials are not designed in such a way that 
they can be used in classrooms without 


some modification. Many of them are 
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pitched at too low an audience intelligence. 
Many of them go into commercial details 
which are not of importance to the college 
student or for which he does not have 
time. However, adaptations can be made. 
These aids can be edited at the colleges 
with little student assistance. 
be edited at the source. 

For example, if a college instructor saw 
some individual frames in an Allis-Chal 
mers color slidefilm on centrifugal pumps 
that he was able to use in his own work, 
the Company can furnish that material in 
many forms. It can furnish the complete 
film with record. It can furnish a print of 
the film only, which can be cut and spliced 
in any way desired. Commentary can be 
added by either speaking directly or using 
a tape recorder. Editing sound motion 
pictures is a little more difficult since the 
sound track is not on the same section of 
tilm as the picture which accompanies it. 


Others can 


Large print in color or black and white 
of any single frame or frames from the 
film ean be furnished. These can be used 
for lectures or for bulletin board mate 
rial. Photographie prints up to 16 x 20, 
and on oceasion larger, of any photo 
graphs in the company’s sales literature or 
files can be supptied. If, in a design class, 
an instructor wants to diseuss a pump dé 
sign as it actually is done by one com 
mercial firm, a large copy of a cutaway 
drawing may prove helpful. 

It seems that many of the commercial 
angles involved in manufacturers’ train 
ing aids should not be objectionable from 
the academic point of view. The students 
will go out to live in a commercial world. 
Where commercial practice can be com- 
bined with the theoretical material, the re 
sult is not actually 
beneficial. 


detrimental, but 


In the News 


The National Science Foundation has 
announced approval of 41 research grants, 
totaling $406,660, in the biological and 
physical sciences. This is the second 
group of research awards to be announced 
this year under the Foundation’s program 
for the support of basie research, bringing 
the total number of announced Founda- 
tion research grants to 69. Additional 
proposals are being evaluated by the staff 
of the Foundation with the help of ad- 
visory panels of outstanding American 
scientists. Grants in this group were 
made to institutions in California, Con- 
necticut, Illinois, Indiana, Iowa, Kansas, 
Kentucky, Louisiana, Maryland, Massa- 
chusetts, Michigan, Minnesota, Missouri, 
Nebraska, New Jersey, New York, Okla- 


homa, Oregon, Pennsylvania, Rhode Is 
land, Tennessee, Texas, Utah, Vermont, 
Wisconsin, and Hawaii. The research 
fields included are biochemistry, biophys- 
ies, chemistry, comparative physiology, 
developmental biology, endocrinology, en 
gineering, enzyme chemistry, experimental 
plant biology, genetics, microbiology, 
oceanography, physics, pharmacology, and 
systematic biology. 

The duration of research grants in this 
group ranges from 1 to 5 years, with an 
average length of 1.8 years. The average 
grant amounts to $9919 per year. The 
research grants were approved by the Na 
tional Science Board upon the recom 
mendation of Dr. Alan T. Waterman, di 
rector of the Foundation. 











Let's Really Get Back to Fundamentals* 


By H. I. TARPLEY 


Professor of Electrical Engineering, The Pennsylvania State College 


When teachers of engineering subjects 
assemble, sooner or later their talk will 
turn to curriculum building. This was 
never more evident than in the delibera- 
tions of local ASEE institutional com- 
mittees appointed this year to study teach- 
ing techniques in their own colleges, and 
universities. Try as they might, commit- 
tee members were never able to divorce 
their discussions on teaching techniques 
from curriculum revision. 


Objectives of Engineering Training 


Any discussion of technical options in 
electrical engineering undergraduate cur- 
ricula must first consider objectives. Too 
often a local curriculum will be built 
around the interest of staff members with 
a lamentable disregard to the students’ 
needs. What are the simple objectives in 
the training of any student engineer? 
They have been competently set forth in 
a statement by Warren K. Lewis, “Our 
objective is the development of the capac- 
ity of the student when faced with a new 
and unfamiliar situation, to handle it with 
competence involving skill, initiative and 
leadership. . . .” 

A curriculum that succeeds in attaining 
the foregoing would be considered ideal 
by anybody, and must give a broad funda- 
mental training to our engineering stu- 
dents. 

Options in Engineering 


Since fundamental physical principles 
and methods of engineering analysis in 

* Paper delivered at Annual Meeting of 
ASEE in East Lansing, Mich., June 25-29, 
1951. 


mechanical engineering, electrical engi- 
neering, chemical engineering, civil engi- 
neering, industrial engineering, aeronaut- 
ical engineering, ete. are identical, why all 
these options? Most institutions set up 
all of these engineering options years ago, 
solely in the interest of thoroughness. 
Some few colleges still feel that these are 
unnecessary, and accordingly have elim- 
inated these options. 


Options in Electrical Engineering 


Why was it necessary to further sub- 
divide each, for example, electrical engi- 
neering into the technical options, Elec- 
tronics, Communication, and Power? The 
same principle that led to subdivision of 
the engineering curriculum as a whole was 
followed in setting up electrical engineer- 
ing technical options. It was caused again 
by the desire for thoroughness. 

To raise the question as to how suc- 
cessful the system of options in electrical 
engineering is at the present will cause 
an unending argument among the various 
teachers. However, a few weaknesses will 
be admitted by anybody. First, no elec- 
trical engineering option is any better 
than the sum total of the technical courses 
constituting that option. Therefore, the 
weaknesses of options are inherent in the 
various technical courses which have too 
often become “hardware” courses. The 
rise of an electrical “gadget” to economic 
importance has been the signal for a new 
“hardware” course to be crowded into one 
of the electrical engineering options as a 
technical course. Often these are more 
deseriptive to the student than not, and 
offer little fundamental training that is 
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worthwhile in the long run. The ecarry- 
over of fundamental principles of analysis 
between these “hardware” courses is dis- 
heartening to behold. Each of these 
courses, even in the same option, often 
plough the same “ground” over and over 
in the hope that some few “grains” of 
common fundamental analysis will remain 
with the student. Some of the better stu- 
dents recognize and remark at the duplica- 
tion of effort, while the average student is 
never aware that there is much relation 
between the various courses at all. That 
there is much truth in the foregoing ob- 
servations is supported by the rapid in- 
crease of the number of colleges and uni- 
versities that have found it necessary to 
insert into their electrical engineering cur- 
ricula a course in engineering analysis in 
order to attempt a correlation of courses. 
Let nothing be said here to detract from a 
suecessful course in engineering analysis. 

The use of “hardware” in a course 
should be only for the purpose of bring- 
ing to the fore the use of fundamental 
principles applied to a sample-engineering 
problem. 

The chief weakness of subdividing elec- 
trical engineering into the eleetronie, com- 
munication and power options lies in the 
fact that the division has been made solely 
on the basis of “hardware.” The student 
is easily led to “glorify” the hardware of 
his special field; he cannot evaluate the 
true significance of any fundamental prin- 
ciples used because his foeus is on the 
“hardware.” He can only learn, in many 
instances, a few formulas that may be 
used in the solution of some few typical 
engineering problems. 

Is it possible for a teacher of a tech- 
nical option course to compensate for such 
weaknesses by a meticulous pointing out 
of fundamental analysis and principles as 
they are used? Of course good teaching 
techniques will help. On the other hand, 
the teacher cannot easily, by any teach- 
ing technique, take the student’s focus 
from the “hardware” because of the re- 
stricted area with which an option deals. 
The student does not therefore, gain a 
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broad background in fundamental prin 
ciples as most options are organized. 

Why have the engineering options, me- 
chanical engineering, electrical engineer 
ing, eivil engineering, ete. been relatively 
more suecessful when compared to the 
sub-options of the electrical engineering 
curriculum? The answer lies in the fact 
that the former options are not made on 
the basis of “hardware” alone, but on a 
more fundamental basis of principles. 
Whether engineering was divided con- 
sciously into options on the basis of 
fundamental principles is immaterial. The 
fact remains that electrical engineering 
has been subdivided consciously into op 
tions on the basis of “hardware.” 

The present option scheme in many 
electrical engineering curricula has equip 
ped students with an inadequate narrow 
background, that has not fitted them to 
cope easily with the problems of engineer 
ing. There are many signs of this in 
adequacy. 
is the difficulty of finding young instrue 
tors with a sufficiently broad background 
to teach the undergraduate stem courses 
Many are indignant if asked to teach 
a laboratory stem course in power ma 
chinery when they are products of a com 
munication option. 
cluded such a diluted presentation of 
power machinery that they are inecompe 
tent to teach even the most elementary 
courses involving power machinery. 

There are alternatives which can over 
come some of the objections to the common 
existing technical option program. 


One of the most distressing 


Their training in 


Improved Option Programs 


For those of us that feel the option 
program has merit, the most pressing need 
for improvement requires, first, as much 
liberalization of the choice of option teeh- 
nical courses as possible, coupled with a 
sincere attempt to organize those technical 
courses into broad fundamental courses 
that do not foeus the attention of the stu- 
dent unduly on “hardware.” It is un- 
necessary to attempt to analyze all the 
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principal “hardware” of a given field, 
since such analyses should serve only 
as examples. 

Option programs ought to permit a stu- 
dent to select technical courses that are 
considered definitely “out of bounds” in 
many present option programs, in order 
to broaden his fundamental background. 
At once, the ery will go out that to permit 
a student some personal choice of tech- 
nical courses contrary to an outlined op- 
tion program would only destroy the op- 
tian. The answer to that is obvious; if 
it would, the option program ought to be 
destroyed! Any student’s choice of elec- 
tive technical courses outside the pre- 
scribed option program may be safely 
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guided by his adviser. The student would 
feel a personal responsibility for his pro- 
gram when he had cooperated with an 
adviser in its planning. 


Conclusions 


1. To give a more fundamental training 
to electrical engineers, option programs 
must be liberalized as much as possible to 
permit a choice of technical courses by the 
individual student. The fewer the number 
of prescribed technical courses in a given 
option, the better. 

2. The professional technical course 
must use the “hardware” of a given field 
only as examples to which emphasized 
fundamental principles are applied. 
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Science and Public Relations’ 


By JOHN I. MATTILL 


Secretary, Engineering College Research Council; and Assistant Director, 
News Service, Massachusetts Institute of Technology 


When the House of Representatives 
first eut 98% from the appropriation re- 
quested for the National Science Founda- 
tion for 1951-52, its members are said to 
have reasoned that the United States ecan- 
not afford the luxury of “unproductive” 
fundamental research at a time when prac- 
tical results are so desperately needed by 
the Military. 

Later this nonsense was repudiated; the 
eut in National Science Foundation funds 
was partially restored, to $3.5 million of 
the $14 million first wanted, by the Senate 
and House in conference. But the skir- 
mish proved once more how little is known 
among laymen—even in high places— 
about the ways and needs of science. 
“Apparently the men and women of sci- 
ence and technology must undertake a 
broad program of educational research in 
Washington,” said Chemical and Engi- 
neering News.” 

Scientists have already cut their teeth 
in the business of persuading fellow citi- 
zens to their methods and achievements. 
The very existence of the National Sci- 
ence Foundation proves the success of one 
of the scientists’ initial efforts and the 
form of today’s Atomie Energy Commis- 
sion is still more eloquent evidence. 

Engineers, though they shared in set- 
ting the stage for the National Science 
Foundation, have made a lesser beginning 


1A summary of four papers presented be- 
fore the ECRC in East Lansing, Michigan, 
June, 1951. 

2 Vol. 27, No. 38 (Sept. 17, 1951), p. 3789. 


in the job of telling laymen about their 
profession and its significance. 

This is the job of publie relations, in 
cluding a multitude of activities whose 
goal is their single unifying common de 
nominator. These activities share one 
other characteristic: all have special im 
plications for administration, because re 
sponsibility for them begins there. 

What public relations may mean to 
engineering research administrators was 
given brief attention before the Engineer 
ing College Research Council at East Lan 
sing, Michigan, in June, 1951. If the four 
papers given there could only seratch the 
surface of a very broad subject, the sum- 
marizing which follows necessarily mul 
tiplies this inadequacy. 

The story begins with an unusually ef 
fective informal definition of public rela 
tions by an outstanding professional coun 
sel. It ends with a sharp warning from 
the director of one of the most effective 
public relations organizations in Amer- 
ican science. In between is the more prac- 
tical “how to” side of the story from two 
of its practitioners in leading engineer 


ing schools.* 


3 Both were at the time members of the 
first National Publicity Committee of the 
American Society for Engineering Educa 
tion, of which Richard W. Schmelzer of 
Rensselaer Polytechnic Institute was chair 
man. As a result of this group’s work in 
publicizing the 1951 Annual Meeting, a Pub- 
lie Relations Committee has been established 
as a permanent function of the Society; 
Mr. Schmelzer continues as chairman. 
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What the Other Man Thinks of You 


“Public relations began,” said Allen 
Will Harris,* “when God or Charles Dar- 
win created the first two persons on this 
earth. It became increasingly important 
when the third person was born. And it 
is not entirely a joke to suggest that the 
fourth person was a public relations ex- 
pert, amateur or professional. 

“What I am stating is simply that Man, 
Man’s attitudes, Man’s relations, Man’s 
need for communication, are the basic 
business of public relations. The goals 
are equally simple: to help create a 
healthy, attractive personality, based on 
sound policies and real accomplishments, 
and to attract maximum favorable atten- 
tion for that personality in order to in- 
crease its effectiveness. 

“A shorter definition is this: publie rela- 
tions is anything you do that affects what 
another man thinks of you.” 

A definition in somewhat different form 
came from James W. Armsey,° who said, 
“Publie relations means doing a good job 
and getting recognition for it. It means 
building a good reputation through good 
character. In any enterprise, and par- 
ticularly in education, it means making 
sure that the public is served and that it 
knows it is served.” 

The breadth of public reltaions by these 
definitions suggests that some of its as- 
pects have a way of turning up in al 
most every executive act. 

“Since policies flow from top manage- 
ment and activities result from policies,” 
Mr. Harris continued, “the major re- 
sponsibility for public relations cannot be 
delegated ‘down the line.’ Sound public 
relations requires top management to put 
the factor of what-the-other-man-thinks 
into each equation confronting it. The 
weight accorded to the factor will vary 








4 Public Relations Counsel, 229 West 42nd 
Street, New York 18, New York. 
5 Then Director of Public Relations, Ar- 


mour Research Foundation and Illinois In- 
stitute of Technology, Chicago 16, Illinois; 
now Assistant to the President, New York 
University, New York 53, New York. 


with the nature of the problem, but the 
factor must always be included in deei- 
sion-making.” 

To many engineering research admin- 
istrators this may seem the addition of a 
new and very foreign dimension to their 
problems. But in another sense, public 
relations is only a formal expression of 
much that is in the realm of “common 
sense” to every good administrator. Thus, 
Mr. Harris went on, “Publie relations is a 
total activity, touching upon all phases of 
the organization’s life, from personnel 
recruitment to morale, turnover, pay, job 
security, patents, legal activities, com- 
munity relations, guests, contract-getting 
and contract-keeping, relations with Gov- 
ernment, public information, security, con- 
tacts with the professional societies, and 
so on, endlessly. Secondly, public rela- 
tions has a passion for facts, the sub- 
jective facts of opinion and_ attitude. 
Thirdly, public relations seeks to remedy 
what is wrong, prevent further conflicts or 
failures, and encourage the healthy and 
effective portions.” 

“The essence of public relations is 
knowing the importance of what the other 
man thinks and feels,” said Mr. Harris, 
taking pains to emphasize both the breadth 
and subtlety of the problems thus im- 
plied. 

“Since many of you make the decisions 
which underlie your organizations’ public 
relations, let me briefly suggest what might 
be ealled the public relations process for 
reaching a decision: 


1. Determine accurately the objectives 
of the decision. 

2. Determine in detail all of the routes 
to these objectives. 

3. Determine the needs and attitudes of 
the person or groups necessary to the 
success of the decision. 

4. Determine which of the routes to 
vour objectives will fuifill the largest 
number of needs and cross the small- 
est number of attitude obstacles. 

5. If the obstacles seem grave or even 
insurmountable, honestly and care- 
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fully consider the possibility of 
changing your objectives. 

6. If the objectives are the only possible 
objectives and if no new route is 
practicable, be sure to state the full 
reasons for your decision clearly 
when you communicate it. Most per 
sons will put aside their opinions 
and try to make your ideas work if 
you give them the full, frank and 
honest facts. 

7. No matter how small the decision 


may be, accept as a major premise of 
your administration that the decision 
must be sold and resold and the econ 
sequences of the decision subjected 
to periodi¢ evaluation. 


“These steps, modified and adjusted to 
the specific ease, as all general systems 
must be, can do an amazing amount 
toward the elimination of old problems 
and the aborting of new problems. This 
is a practical approach, well tested and 
proven in a host of organizations of the 
first rank. 

“The choice facing you is not a choice 
between public relations and no publie re- 
lations, but between deliberate, organized 
public relations and accidental publie rela- 
tions. You need not worry about the cost 
of organized public relations; the eost is 
almost always smaller than that of an 
accidental, unorganized activity.” 


Policy-Making in Public Relations 


Mr. Armsey carried these concepts to 
the more specific questions facing college 
and university research administrators. 
Research, he said, adds a complication to 
the traditional responsibilities of edu 
eators to students, parents, teachers, and 
the public from which (directly or indi- 
rectly) comes their support. Through its 
effect on all these, research adds a new 
complication, too, to publie relations. 

Research affects the budget, foreing ad- 
justments of costs and salaries. It affects 
personnel 
ity, qualifications, personal interests and 
desires, and personnel management meth- 


ineluding factors of availabil- 


500 


ods. The main responsibility of an eduea 
tional institution is to students, and re 
search ean affect their college experience 
A fourth set of problems arise in connec 
tion with public service responsibilities: 
local research needs of industry may not 
be entirely consistent with the best in 
terests of an educational program. “One 
of the pesky things that euts across the 
lines of responsibility to your students, 
the public, and yourself is the general 
problem of classification and publication,” 
added Mr. Armsey. 

part of the 
total policy-making aspect of yonr pubri 
relations program. I[ have 
stressed them because tlhe effectiveness ot 
the other two aspects of publie 
are dependent upon what answers you 
arrive at. That is, you can’t hope a) to 
do a good job, or b) to get eredit for it, 


“All of these questions are 
! urpos ‘ 


lations 


unless by your policy decisions you create 
an atmosphere in which a good job ean 
be done. 

“Your first big public relations problem 
is to realize you have a public relations 
problem. That’s not easy. Your contract 
research, like your teaching, or like any 
other activity in today’s society, cannot be 
done in a vacuum. It is subject always 
to critical scrutiny by several publics, 01 
segments of the so-called general public 
And education, despite its wide acceptance 
as a worthwhile enterprise, finds its erities 
numerous and vocal.” 

“The truth is,’ Mr. Harris had earlier 
said, “that research organizations, indeed 
all scientifie organizations and technical 
groups present some of the most difficult 
problems to be found in the publie rela- 
tions field.” He listed four worthy of 
special consideration : 


1. Security regulations prohibit normal 
communications among scientists, be 
tween organizations and their com 
eunities, and between science and the 
lay public. 

2. The time scale of major research is 
dangerously misunderstood; the pub 
lie is heing led to a terrible disil 








lusionment because of the gap be- 

tween what can be done and what 

self-promoters claim for scientific 
endeavor. 

3. Increasing amounts of research are 
dedicated to developing materials of 
destruction; will a revulsion from 
war presently stigmatize scientists as 
“merchants of death?” 

4. No species is more difficult to organ- 

ize and manage than the modern 

scientist. 


Policies and Procedures 


All of these problems, said Dr. Lisle A. 
Rose,® raise fundamental questions of set- 
ting up and conducting a public relations 
program for our research activities. Why 
a program? 

“The answer is plain and simple: to aid 
in doing effectively and economically what 
all of us do every day whether we know 
it or not, like it or not—that is, give in- 
formation to a large number and variety 
of people and leave impressions of our 
worth with them. 

“Since we are necessarily engaged in 
publie relations, it seems prudent to en- 
gage intelligently—with foresight, with co- 
ordination, without stumbling and fum- 
bling and waste. It seems prudent to get 
the most possible benefit for ourselves and 
give the most possible benefit to our pub- 
lies with the smallest feasible cost in effort 
and money. This means planning. It 
means a program.” 

The kind of program depends on many 
factors, Dr. Rose said. Many have been 
mentioned already; in addition, he listed 
the number and nature of an organiza- 
tion’s audiences, its sponsoring and co- 
operating agencies, policies established by 
outside and inside agencies . . . all must 
be fitted into the overall concept guiding 
the character of public relations. 

These research and public relations 
policies must vary from institution to in- 


6 Director of Information and Publica- 
tions and Experiment Station Editor, College 
of Engineering, University of Illinois, 
Urbana. 
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stitution. But, according to Dr. Rose, 
“four obvious Policies about Policies 
ought to be universal. First, policies gov 
erning research and public relations ought 
to be rational in view of all the circum- 
stances in which the administrators, the 
research men, and the participants in the 
publie relations program find themselves 
situated. Second, everybody should un- 
derstand the what and why of the policies. 
This is one function of any public rela- 
tions specialist whom the research organ- 
ization may utilize. Third, the policies 
ought to be reviewed frequently—with ac- 
count taken of such intangibles as tradi- 
tion and even to some extent personal 
desires and preferences. Last, policies 
that don’t stand up under review should of 
course be modified or replaced.” 

What about the public relations spe- 
cialist? He soon becomes an important 
part of this story, Mr. Armsey had earlier 
noted. “Once you have recognized that 
you have public relations whether you like 
it or not, and you have decided that you 
should actively operate to make your pub- 
lie relations good, your next step is to get 
a good public relations director, or, if you 
already have one, to utilize his talents to 
the fullest. 

“His biggest value to you is his advice 
and counsel in helping you steer a sound 
administrative course that will result in 
getting a good job done and in getting 
you proper recognition for doing it. He 
ean do his job best if you keep him in- 
formed, consult him often, and work co- 
operatively with him.” 

For the director and his public rela- 
tions staff, the rub comes with specific 
problems. “We don’t always do and say 
the right things,’ Dr. Rose admitted. 
“But we must try to anticipate the oc- 
currence of problems, not find ourselves 
suddenly stuck with them. We must 
bring in on our decisions the judgments 
of a number of men, not just the super- 
visor of a research project or the Director 
of Public Relations or the Director of 


Research. And to guide our decisions, I 


repeat, we must have well-defined policies, 
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based on well-defined purposes and on 
continuous analyses of our publics.” 

This kind of public relations program, 
Dr. Rose said, is eminently justified—and 
in fact necessary—for an institution sup- 
ported mainly by taxes. “People will not 
long pay for something whose worth they 
do not believe in. For expediency’s sake, 
then, if nothing else, the value of research 
and its relative inexpensiveness ought to 
be set forth.” The same argument ap- 
plies, with only slight variations, to priv- 
ately financed institutions. 

But, continued Dr. Rose, there is a 
higher, less selfish reason as well. “None 
of us earry wings; but we all try to fill a 
beneficial social function. Most of us try 
to give more service than we’re paid for. 
So we ought to volunteer certain kinds 
of information and translate other kinds 
voluntarily into common terms that the 


, 


layman grasps.’ 


Public Relations is a Vital Obligation 


The results of present-day public rela- 
tions activities for and by seience are 
promising, said Dr. Walter J. Murphy.’ 
“We believe,” he said, “that science has 
been sold quite well to the American pub- 
lice—a development for which we of the 
American Chemical Society News Service 
take some credit. But we do not think our 
task has been completed.” 

“Science today is intimately interwoven 
into the fabrie of everyday living,” Dr. 
Murphy pointed out. Research has re- 
sulted in many grave problems which now 
have become the subject of publie diseus- 
sion, and the progress of science is de- 
pendent upon political decisions which 
rest ultimately with the public. “It now 
becomes our duty and responsibility to see 
that the American people are properly 
educated on the scientific aspects so that 


7 Director of the American Chemical So- 
ciety News Service and Editor of Chemical 
and Engineering News and Industrial and 
Engineering Chemistry, 1155 16th Street, 
N.W., Washington 6, D. C. 


decisions they do make are sound,” he 
said. 

“We now National 
Foundation. We have the problem of 
finding continued financial support from 
private sources for fundamental research 


have a Seience 


and for our institutions of learning so that 
the overall support will not be entirely 
governmental in nature. We have the 
grave problem of the proper utilization of 
our searce scientifie and technical man 
power in a period of international uncer- 
tainty. We have the problem of encourag 
ing more of our youth to enter the learned 
professions, particularly the physical sei 
ences and engineering. 
problem of educating the Ameriean public 
to the fact that we can no longer depend 
upon foreign sources for much of our 
pure and fundamental research. 

“How this country these and 
other equally great questions over the next 
decade will mean the difference between a 
demoeratie or totalitarian life for hun 
dreds of millions. The future of America 
is wrapped up in many of these questions. 
Today when I talk to you about public 
relations, it is these questions that are 
uppermost in my mind. These are the 
challenges that we must meet; these are 
the responsibilities that we have created 
for ourselves. Frankly, I must admit at 
this particular moment, we are poorly 
equipped to cope with our obligations. 

“Call me an alarmist if you will, but I 
warn the scientific, technical, and profes- 
sional societies of America that, unless 


We have a great 


meets 


they undertake immediately a broad pro 
cram of education concerning science and 
technology and their implications to the 
man on the street, disastrous decisions will 
be made by the citizens of this country on 
matters of life and death 
Democratic processes function properly 
only when the electorate is fully informed 
on the questions they are asked—-yes, re 
quired to decide. This is a responsibility 
and an obligation that we of the learned 


importanee. 


professions cannot disregard. 











TIMELY TIPS 
A Note on the Validity of the Pre-Engineering Ability Test 


By ROLAND C. MOORF 


Head, Bureau of Measurement and Guidance, Carnegie Institute of Technology 


The Pre-Engineering Ability Test (2) 
was Offered in 1951 as a “short, inexpen- 
sive, easily administered and_ readily 
scored test” providing “a predictive ef- 
fectiveness estimated to be... as high 
as that for the composite score on the 
Pre-Engineering Inventory.” The pres- 
ent note deals with the extent to which this 
estimate of validity has been confirmed in 
a situation of actual use of the test. 

The Pre-Engineering Ability Test was 
administered to all freshmen entering the 
College of Engineering and Science at the 
Carnegie Institute of Technology in Sep- 
tember 1951 during the initial week of the 
term. At the close of the semester the 
correlation was caleulated between total 
scores on the Pre-Engineering Ability 
Test,* and student “factors” (weighted 
averages of course grades) earned for the 
first semester work. The correlation sam- 
ple consisted of 260 students, after exclu- 
sion of those who did not complete a 
semester’s work, those with previous col- 
lege work, and those with foreign language 
handicap. The correlation coefficient re- 
sulting was .68. This value stands up 
well in comparison with validities of 
the Pre-Engineering Inventory Composite 
Score for first term average grades as re- 
ported for various schools (1) and is not 
lower than correlations obtained at this 


*PEA Total Score Mean is 50.5, and 
standard deviation 13.07. All correlations 
given are significant beyond .01. 


£ 


2. Manual, 
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institution in previous years between the 
PEI Composite Score and “factor” at the 
same point. 

A further comparison is possible in that 
Pre-Engineering Inventory Composite 
Scores were also available on 57 of the 
students in the present sample. For this 
group, characterized by PEA Total Seore 
mean and standard deviation quite similar 
to those of the parent sample, the correla- 
tion between PEI Composite Score and 
factor was .75, and that between PEA 
Total Seore and factor was .73. Here, of 
course the absolute magnitude of the eo- 
efficients is of less significance than their 
close correspondence. 

These findings thus support the view 
that the objectives of providing a shorter, 
more convenient test without sacrificing 
the predictive power of the longer test 
have been attained, and that no less eon- 
fidence accrues to the PEA Total Score 
than to the PEI Composite Seore in 
situations appropriate to the use of the 
PEI Composite Score. 


REFERENCES 
1. Lorp, F., Cowes, J.. AND CYNAMON, M. 
‘‘The Pre-Engineering Inventory as 
a Predictor of Success in Engineering 
Colleges.’’ J. App. Psychol., 34, 1, 
pp. 30-39 (1950). 
Pre-Engineering Ability Test, 
Educational Testing Service, Prine 
ton, N. J. (1951). 
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A Double Integral 


A Visual Presentation 


By E. A. WHITMAN 


Associate Professor of Mathematics, Carnegie Institute of Technology 


The slide film, “A Double Integral,” was 
prepared for classroom use. The eaptions 
are intended to give the required explana- 
tions though the author prefers to aec- 
company the slide film with his own com- 
ments, the latter being adjusted to the 
needs of his particular class in calculus. 
No accompanying recording has been 
made as it would appear likely that this 
slide film, and the others with which it 
forms a set of films on integration, would 
be used largely by instructors who would 
desire to make their own comments. As 
the teaching of caleulus falls more and 
more into the hands of inexperienced in- 
structors it may become desirable to use 
recordings. 

It is assumed that the reader is in- 
terested in the whys and hows of slide 
films such as this rather than in the sub- 
ject matter presented. Each frame is a 
photographie representation of a drawing 
by the author. These drawings, the cap- 
tions and the accompanying equations, 
yes, even many of the numbers and sep- 
arate letters were made separately and 
pasted on a sheet. This is a great ad- 
vantage over trying to put everything on 
one sheet and gives a chance to arrange 
and rearrange to improve composition. 
Generally the drawings project better if 
the photographer prepares negative slides, 
thus having the words and lines appear in 
white on a black background. 


Slide Film Supplements Text Book 


In the subject of integration, the slide 
film is of particular use as a supplement 
to the text book. Many drawings are 
needed, too many to be included in a text- 
book. Each figure serves a limited pur- 
pose, yet a definite one in showing how an 


element of an area is changed as certain 
changes are made in an arbitrarily chosen 
length. There is not one big or com 
plicated drawing that can show the whole 
mass of details since some blot out others 

This need for many drawings in the 
story of integration is in contrast to a 
complicated figure of a machine—say per 
haps some drawing with which an in 
structor is experimenting preparatory to 
inclusion in a text book. Yet with such a 
drawing it might be well to consider a 
shde film in place of a single drawing, 
with each frame prepared to show an 
added detail. Successive pictures at vari 
ous stages of the construction of such a 
building as a new summer camp tell more 
about the work of making such a building 
than does a picture of the finished product. 

On this slide film the need for suecessive 
drawings really begins as we consider the 
column formed by adding several small 
elements of area, each a rectangle, one 
above the other. The calculus may require 
that one take the limit of the sum of the 
equal rectangles as the altitude becomes 
smaller and smaller but the number of 
rectangles is increased. A word descrip- 
tion is difficult yet a set of some six to 
ten figures shows why it is that the limit 
of the columns is one definite column for a 
particular area no matter by what law we 
decrease the altitudes. The usual ree- 
tangle and column of a text book presen 
tation leaves many students without any 
idea of the process. This process of sum 
mation must, in double integration, be 
repeated on the columns to cover the area. 
The essence of this slide film lies in show 
ing, by a set of drawings, how an area 
bounded by curved lines is the limit of 
the summation of a set of rectangles. On 
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seeing this, the finding of that area is not listed shows how very meager is the of- 
merely a routine application of a formula fering in slide films for subjects at the 
out of a book. : college level. It has been the experience 

This particular slide film has some of this author that publishers are quite 
added frames, for a second presentation willing to take considerable risks in pub 
to a class, showing limitations on the 
process, and modifications for particular 
circumstances. While these latter can be 
shown very well by black board figures the 
film gives the opportunity to use figures 
drawn at leisure. 

While this film has been published a for monetary rewards. But the growth of 
glance at the catalogue in which it is that demand is in our hands. 





lishing. What seems to be needed is teach- 
ers who are willing to prepare the neces- 
sary drawings and captions. At present 
the demand, at the college level, is not such 
as to give prospective authors much hope 





College Notes 


In preparation for completion of How- 
ard University’s new School of Engineer- 
ing and Architecture building and facil- 
ities before September, 1952, the largest 
piece of new equipment, a new Baldwin 
testing machine of 600,000 Ib. capacity 
was installed. This is part of a $2,000,- 
000 expansion program of the School of 
Engineering and Architecture. 
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Section Location of Meeting 
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April 18-19, 
1952 
May 17, 1952 
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Chairman of Section 
E. B. Stavely, 
Pennsylvania State 
College 
D. G. Ryan, 
University of Illinois 
Kenneth Rose, 
University of Kansas 
W. P. Godfrey, 
University of Detroit 
S. J. Tracy, Jr., 
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New York 
R. Z. Williams, 
Missouri School of 
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W. Oncken, Jr., 
3ureau of Ordnance 


E. T. Donovan, 

University of New 
Hampshire 

S. J. Chamberlin, 

Iowa State College 

W. F. Brown, 

University of Toledo 

T. H. Campbell, 

University of 
Washington 

S. F. Dunean, 

University of South 
ern California 

E. J. Lindahl, 

University of 
Wyoming 

R. L. Sumwalt, 

University of 
South Carolina 

H. P. Adams, 

Oklahoma A. & M. 
College 

R. M. Campbell, 

Alfred University 


Members of the Society are welcome at all Section Meetings 
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New Members 


ADEMINO, JAMES N., Instructor in Chemical 
Engineering, Villanova College, Villanova, 
Pa. J. B. Conway, J. 8S. Morehouse. 

AIDLIN, SAMUEL 8., Director, KC Chapter, 
NYSSPE, Brooklyn, N. Y. S. J. Tracy, 
E. Hausmann. 

ANDERSON, CHARLES R., Instructor in Me- 
chanical Engineering, Pratt Institute, 
Brooklyn, N. Y. A. W. Luce, K. E. Quier. 

BALL, HERBERT J., Professor of Textile En- 
gineering, Lowell Textile Institute, Lowell, 
Mass. M. Hindle, M. E. Gelinas. 

sankoff, S. George, Associate Professor of 
Chemical Engineering, Rose Polytechnic 
Institute, Terre Haute, Ind. C. E. Kir 
cher, Jr., E. A. MacSean. 

BuEICcH, Hans H., Associate Professor of 
Civil Engineering, Columbia University, 
New York, N. Y. W. J. Krefeld, J. M. 
Garrelts. 

Bott, RicHarD H., Director, Acoustics Lab- 
oratory, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. A. B. Bronwell, 
S. C. Hollister. 

BROOKER, DONALD B., Assistant Professor of 
Agricultural Engineering, University of 
Missouri, Columbia, Mo. M. M. Jones, 
K. J. Farquharson. 

3uRR, ARTHUR A., Associate Professor of 
Metallurgical Engineering, Rensselaer 

. Polytechnic Institute, Troy, N. Y. A. A. 
K. Booth, P. E. Hemke. 

CAMPBELL, ‘WALTER M., Director, Extension 
Division, University of Colorado, Boulder, 
Colo. C. L. Eikel, K. D. Wood. 

CANNON, WALTON W., Associate Professor of 
Electrical Engineering, University of Ar- 
kansas, Fayetteville, Ark. W. B. Stiles, 
N. H. Barnette. 

CHAMEIDES, MAXIMILIAN, Lecturer in Elec- 
trical Engineering, City College of New 
York, New York, N. Y. V. Deltoro, G. 
J. Clemens. 

CLAFFEY, Paut J., Assistant Professor of 
Civil Engineering, Catholie University of 
America, Washington, D. C.F. Biber- 
stein, J. S. Mendousse. 

CocksHortT, ALFRED H., Assistant Professor 
of Mathematics, Manhattan College, New 
York, N. Y. A. Leo, F. Aubert. 


510 


CONVERS, FREDERICK L., Instructor in Pe 
troleum Engineering, University of Pitts 
burgh, Pittsburgh, Pa. H. F. Botset, N. 
L. Buck. 

CoTTeR, JOHN B., Associate Professor of 
Mechanical Engineering, Catholic Univer 
sity of America, Washington, D.C. J. L. 
Laekler, J. C. Michalowie. 

CRATER, WARREN H., Assistant Professor of 
English, Newark College of Engineering, 
Newark, N. J. H. A. Estrin, J. H. Pit- 
man, 

Daus, Paut H., Professor of Mathematics, 
University of California, Los Angeles, 
Calif. S. C. Hollister, A. B. Bronwell. 

Day, Cecit L., Assistant Professor of Agri- 
cultural Engineering, University of Mis- 
souri, Columbia, Mo. M. Bolstad, K. J. 
Farquharson. 

Dean, Donatpd L., Instructor in Civil Engi- 
neering, Missouri School of Mines, Rolla, 
Mo. C. L. Wilson, J. M. Brewer. 

Evier, ARTHUR L., Instructor in Engineer- 
ing, Los Angeles City College, Los An- 
geles, Calif. J. B. Franzini, B. W. Martin. 

ELuiort, GEORGE W., Assistant Professor of 
Mechanical Engineering, University of 
Missouri, Columbia, Mo. R. Scorah, M. 
Bolstad. 

EvANS, CLARENCE H., Supervisor of Chem. 
Eng. Consultants, Engineering Dept., E. I. 
duPont de Nemours & Co., Wilmington, 
Del. M. J. Bergen, M. Burke, Jr., Fluck, 
Paul G., Assistant Professor of Mechanics, 
University of Wisconsin, Madison, Wis. 
R. R. Worseneroft, H. D. Orth. 

GAWAIN, THEODORE H., Associate Professor 
of Aeronauties, U. S. Naval Postgraduate 
School, Monterey, Calif. F. G. LaCauza, 
G. J. Higgins. 

GILL, JOHN D., Instructor in Mechanical En- 
gineering, University of Miami, Miami, 
Fla. W. Hubbell, J. H. Clouse. 

GRYGOTIS, CASEY, Head, Mathematics and 
Engineering, Union Jr. College, Elizabeth, 
N. J. S.C. Hollister, A. B. Bronwell. 

Harp, Huau G., Associate Professor of 
Mathematics, Ohio Northern University, 
Ada, Ohio. L. TH. Archer, J. A. Weis- 
hampel. 
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NEW ME 


HAUBNER, Ropert K., Instructor in Mathe- 
matics, Newark College of Engineering, 
Newark, N. J. H. Barkan, P. Mainardi. 

HERRMANN, GEORGE A., 
of Chemistry, Marquette University, Mil 
waukee, Wis. J. E. Matar, W. D. Bliss. 

HiprE, Ropert W., Instructor in Physics, 
Parks College of Aeronautical Technology, 
East St. Louis, Il]. R. A. Killoren, H. R. 
Grummann, 

Houpis, CONSTANTINE H., Assistant Profes 
sor of Electrical Engineering, USAF In- 
stitute of Technology, Dayton, Ohio. E. 
A. Szymanski, E. L. Fairchild. 

Howe, Stewart S., Vice President, Illinois 
Institute of Technology, Chicago, Ill. B. 
A. Fisher, A. B. Bronwell. 

HOWERTON, MurRLIN T., Assistant Professor 
of Chemical Engineering, University of 
Notre Dame, Notre Dame, Ind. R. E. 
Rich, E. J. Wilhelm. 

Howetr, MicHaeEut V., Instructor in Physics 
and Mathematics, Schreiner Institute, 
Kerrville, Texas. T. M. Hammond, H. 
W. Crate. 

JACKSON, ARTHUR, Professor of Engineering 
Drawing, Queen’s University, Kingston, 
Ont., Canada. J. S. Rising, A. S. Gaskell. 

JENKINS, JEAN A., Director, Placement Serv 
ice, Texas Technological College, Lubbock, 
Texas. D. E. Holeomb, C. C. Perryman. 

KNuDSEN, A. RUSSELL, Instructor in Mathe- 
matics, Valparaiso Technical Institute, 
Valparaiso, Ind. J. B. Hershman, O. M. 
Knudsen. 

KULHAN, Epwakp F., Instructor in Civil En- 

Pennsylvania State College, 

Per¢ Z, B. A. 


Associate Professor 


gineering, 
State College, Pa. L. 
Whisler. 

LAZARUS, IRWIN P., Instructor in Industrial 
Engineering, Purdue University, Lafa 
yette, Ind. S. Fairman, W. B. Sanders. 

LYDON, MARTIN J., President, Lowell Textile 
Institute, Lowell, Mass. A. E. Wells, M. 
Hindle. 

MARTIN, HAroLp W., Associate Professor of 
Management, Rensselaer Polytechnic In- 
stitute, Troy, N. Y. A. A. K. Booth, P. E. 
Hemke. 

MARTINUZZI, Pio F., Professor of Mechanical 
Engineering, Stevens Institute of Technol- 
ogy, Hoboken, N. J. K. J. Moser, R. O. 
Vuilleumier. 

McGowaN, FRANK K., Engineering Depart 
ment, Union Junior College, Elizabeth, 
N. J. A. B. Bronwell, S. C. Hollister. 

McKIBBEN, EvuGENE G., Director of A 
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cultural Engineering Research, U. 8. Dept. 
of Agriculture, Hyattsville, Md. J. D. 
Long, V. T. Morris. 

McLERRAN, JAMES H., Acting Junior Engi 
neer, The State College of Washington, 
Pullman, Wash. Ek. G. Erieson, C. L. 
Barker. 

McNAMEE, Maurice B., Associate Professor 
ef English, St. Louis University, St. Louis, 
Mo. V. J. Blum, O. W. Nuttli. 

MINTZER, OLIN W., Assistant Professor of 
Highway, Purdue University, Lafayette, 
Ind. K. B. Woods, R. B. Wiley. 

MULLENS, GLENN B., Assistant Professor of 
Civil and Arch. Engineering, University of 
Wyoming, Laramie, Wyo. E. J. Lindahl, 
H. Foy. 

MuRPHY, WILLIAM J., Test Assistant, Fluid 
Mechanics, Illinois Institute of Technol 
ogy, Chicago 16, Ill. L. E. Grinter, B. J. 
Brille. 

MUSGROVE, ALBERT M., Col., USAF Institute 
of Technology, Wright-Patterson AFB, 
Ohio. J. H. Belknap, H. P. Hammond. 

NETTER, MILTON A., Assistant Professor of 
Engineering, University of Toledo, Toledo, 
Ohio. G. L. Heath, E. W. Weaver. 

PARKER, JOHN P., Assistant Professor of 
English, Montana State College, Bozeman, 
Mont. E. W. Schilling, L. Berg. 

PEFLEY, RICHARD K., 
Mechanical 
Santa Clara, Santa Clara, Calif. J. B. 
Franzini, E. C. Flynn. 

PETERS, MAx S., Assistant Professor of 
Chemical Engineering, University of II 


Assistant Professor of 


Engineering, University of 








linois, Urb: 


Danner. 

RADABAUGH, Eart L., Chief Instructor, 
Residence School, Capitol Radio Engineer 
ing Institute, Kensington, Md. H. R. Cal 


lahan, A. Preisman. 

REITMEIER, GEORGE F., Instructor in Mechan 
ical Engineering, Rensselaer Polytechni 
Institute, Troy, N. Y. A. A. K. Booth, 
P. E. Hemke. 

REYNOLDS, ELBERT 
Mechanical Engineering, Pennsylvania 
State College, State College, Pa. E. P. 
Nye, N. R. Sparks. 

REZNECK, SAMUEL, 
Rensselaer Polytechnic Institute, Troy, 
N. Y. A. A. K. Booth, P. E. Hemke. 

RICHMAN, EUGEN} 
Industrial Engineering, Ohio State Un 
versity, Columbus, Ohio. W. G. Holder, 
Fa Lehoezky. 


Professor of History, 


Assistant Professor of 
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Riagin, JOHN D., Associate Professor of 
Electrical Engineering, U. 8S. Naval Post- 
graduate School, Monterey, Calif. F. E. 
LaCauza, R. K. Houston. 

ROBERT, LEONARD A., Associate Professor of 
Civil Engineering, Michigan College of 
Mining and Technology, Houghton, Mich. 
W. C. Polkinghorne, E. P. Wiedenhoefer. 

RoBINSON, DuDLEY H., Professor of Chem- 
istry, San Diego State College, San Diego, 
Calif. J. B. Franzini, C. Morgan. 

Ross, FREDERICK W., Professor of Aeronaut- 


ical Engineering, University of Detroit, 
Detroit, Mich. H. Gudebski, K. FE. Smith. 
SCHMIEDESHOFF, FREDERICK W., Research 


Fellow, Mechanics, Rensselaer Polytechnic 
Institute, Troy, N. Y. A. A. K. Booth, 
P. E. Hemke. 

SHAWCROSS, JOHN T., Instructor in English, 
Newark College of Engineering, Newark, 
N. J. H. A. Estrin, N. C. Keables. 

SMITH, JEROME C., Assistant Professor of 
Mathematies, Lafayette College, Easton, 
Pa. W.G. MeLean, W. J. Childs. 

SmirH, W. NYE, JR., Assistant Professor of 
Business Administration, Clarkson College 
of Technology, Potsdam, N. Y. W. H. Al- 
lison, J. Salerno. 

STEVENS, RoGer G., Professor of Chemical 
Engineering, Southwestern Louisiana In- 
stitute, Lafayette, La. F. W. zur Burg, 
W. K. Averitt. 

STONE-HAMILTON, Assistant Pro- 

Diego State 


LAURIF, 


fessor of Engineering, San 





NEW MEMBERS 


B. Franzini, 


College, San Diego, Calif. J. 
C. Morgan. 

Taris, JOHN, Chief Instructor, Department 
of Education, International Business Ma 
chines Corp., New York 22, N. Y. R. E. 
Anderson, 8. Fishman. 

VILLERS, RAYMOND, Assistant 
Industrial Engineering, Columbia Univer 
sity, New York, N. Y. 8S. C. Hollister, A. 
B. Bronwell. 

WALL, Epwarp T., Assistant Professor of 
Electrical Engineering, California State 
Polytechnie College, San Luis Obispo, 
Calif. N. Sharpe, C. E. Knott. 

WALLING, CurTIS R., Associate Professor of 
Engineering, San Diego State College, San 

J. B. Franzini, C. Morgan. 


Professor of 


Diego, Calif. 

WILLIAMS, HERMAN F., Assistant Professor 
of Agricultural Engineering, University of 
Missouri, Columbia, Mo. M. L. Esmay, 
M. M. Jones. 

WILSON, WILLIAM S., Assistant Dean and 
Secretary, Faculty of Applied Science and 
Engineering, University of Toronto, To- 
ronto, Ontario, Canada. L. S. Lauchland, 
K. F.. Tupper. 

Wo.r, ELMER, Engineering and Physics, Un 
ion Junior College, Hillside, N. J. S.C. 
Hollister, A. B. Bronwell. 

Yinest, JAMES E., Instruetor in Mechanical 
Engineering, Purdue University, Lafa 
yette, Ind. H. L. Solberg, O. C. Cromer. 


505 new members this year 
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Subject Index 1951-1952 


ACHIEVEMENT Tests, SopHomore. J. A 

Bul... t, 
Action, Epucation ror. W. L. Everitt 4, 
ADEQUACY AND STANDARDS OF ENGI- 
NEERING Epucation. E.C.P.D. Re- 


port ), 


AGRICULTURAL ENGINEERING. 1] W. 
Lehmann 5, 
AGRICULTURAL ENGINEERS, CURRICU- 
LUM For. L. W. Hurlbut 9, 


AN ADVENTURE IN ENGINEERING Epuca- 
rion. J. T. Thompson and W. W 
Ewell 10 

APPLICANTS, Tests For. A. P. Johnson 10, 

A.S.E.E. Mission to Japan. H. L 


Hazen. 10, 
Aromic EnerGy Epveation. H. H 
Armsby 3 
Back TO FUNDAMENTALS H. f. 
Tarpley 3 10, 
BIBLIODYNAMICs. G. 8. Bonn 4 
Big AND LirrLeE Numsers. H. R. Gre- 
mann and R. E. Newton 3 
BRIDGE 3ETWEEN IGNORANCI AND 


UNDERSTANDING. F. M. Dawson. .1 


CAREER PossIBILITIES FOR TEACHERS 


L. O. Stewart 7 
Co-op ENGINEERS, TRAINING FoR. T. 
Hand. (3 
CooPERATION BETWEEN Faculty AND 
Inpustry. R. T. Borth 7 
CooPERATIVE EDUCATION IN MoObDERN 
Inpustry. C. R. Osborn 8, 
COOPERATIVE GRADUATE Stupy. N. W 
Dougherty t, 


CooPERATIVE RELATIONSHIPS BETWEEN 
ENGINEERING COLLEGES AND SeEc- 


ONDARY ScHoo ns. G. K. Dreher 5. 
CURRICULUM FOR AGRICULTRUAL ENGI- 
NEERS. L. W. Hurlbut Q. 


DarRTMOUTH COLLEGE, ANNUAL MEET- 


ING, A.S.E.E., 1952 Ze 
DesiGN RELATED TO Researcu. IF. Me- 
Farland 7; 
DrETERMINING TEACHING OBJECTIVES. F 
Kerekes 7, 


210 
195 


193 


19% 


50-4 


io 


349 
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DocroraL Srupy in INpustTRIAL Ena! 
NEERING. N. N. Barish se) 
Dous.e IntreGRAL, A. FE. A. Whitman 10 


ECONOMICS AND ENGINEERING Economy 
B. E. Goetz Q 


EDUCATION FoR Action. W. L. Everitt. 4 
EpucaTION, Forces Arrectinc. N. A 
Christensen i) 
EpucaTION IN LAND-GRANT INSTIT 
rions. I. E. Day : 
EFFECTIVENESS OF TreAaCHING Arps. (¢ 
W. Muhlenbruch ; 
E.J.C. Manpower Commission Opn- 
gecTiveEs. C. H. Brown 2 
ELECTRICAL ENGINEERING, NUCLEAR 


AND. E. Weber 5 
“LECTRONICS AND COMMUNICATIONS 
Options—Wury? J. D. Rvder Q, 


ENERGY IN ADIABATIC Expansion. W 
Bb. Nordquist | 
ENGINEER—A PARABLE. D. B. Stein- 
man 10 
ENGINEER AND SALEs. J. Gammell 5 
ENGINEERING CURRICULUM, QUESTION 
CONCERNING THE. L. E. Grintet 5 
ENGINEERING Epvucation, AprQuacy 


AND STANDARDS OF. E.C.P.D. Re 
port a 
“NGINEERING EDUCATION, AN ADVEN- 
TURE IN. J. T. Thompson and W. W 
Ewell 10, 


ONGINEERING ENGLISH: A New Srrat- 
ray. R. B. Vowles g 
ONGINEERING ENROLLMENTS AND Di 
GREES, 1951. R. C. Storey and H. H 
Armsby 6 
rk. D. G. Miteh- 


INGINEERING MANPOW! 


ell. . 


ENGINEERING PLANNING. H.S. Osborne 3. 
ENGINEERING RESEARCH IN THE Na- 
TIONAL SCIENCE FounpatTion. P. E 
Klopsteg 5 
EXNGINEERING SHORTAGE CONTINUES 
Tue. 8S. C. Hollister 2 
K.NGINEERS, SELECTION OF. A. P. John- 
son Fj 
ENROLLMENT STATISTICS 6 
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ENVELOPES, On. H. W. Brinkman and 


R. A. Rosenbaum.... . }, 
Eva.vuaTiIon, THe YEAR or. 8. C. Hol- 
ie ee :. 
EXPERIMENT, A Puororeuastic. T. T. 
Liddicoat..... S 


EXTENSION INstruUcTION. C. W. Beese. 4, 


Forces AFFECTING Epucation. N. A. 
Christensen. ee 
Four YEAR vs. Five YEAR Course. G. 
J. Barker. : 9, 
FUNDAMENTALS, Back To. H. I. Tar- 
pley.. bac a hes 10, 


Girr-or ENGINEERING. L. E. 
GRADUATE PROGRAM IN INDUSTRIAL 
ENGINEERING. H. O. Davisdon and 


Grinter...7, 3 


235 


36 


204 


129 


160 


504 


PS ee 4, 217 
GRADUATE STUDENTS, THERMODYNAMICS , 

ror. A. B. Cambel. . a ps Ae eg 
GRADUATE Strupy, CoopeRATIve. N. W. 

Dougherty..... $, 200 
GRADUATE Srupy IN SrrucrurRaAL En 

GINEERING. A. A. Brielmaier. . . boa 
GRADUATE WorK IN MACHINE DESIGN. 

R. R. Slaymaker and D. K. Wright3, 164 
GRADUATION WoRTHWHILE?, Is Less 

Tuan. C. J. Freund Oe ae 
Grapuics, A PutLtosopny or. J.T. Rule9, 467 
Heat TRANSFER IN NUCLEAR REACTORS. 

See i ; 2, 88 
HicgHer EpucaTioNn AND THE PROBLEMS 

oF Tuts Decape. J. H. Miller... ..8, 379 
Ho.ursTer, 8. C., PRESIDENT, A.S.C.E., 

1951-52... agers tal i. l 
How Can A.S.C.E. Assist Youna IN- 

structoR? H. H. Armsby........8, 394 
How tHe Liprary Can Serve. J. H. 

Moriarty ; 9, 440 
IMPROVED PREPARATION FOR COLLEGE. 

C. E. MacDonald... ares oe 
INDUSTRIAL E-NGINEERING, DocTorRAL 

Srupy 1x. N. N. Barish 9, 455 
INDUSTRIAL ENGINEERING EMPLOYMENT 

Survey. G. L. Thuering 7, 359 
INDUSTRIAL ENGINEERING, GRADUATE 

Procram IN. H. O. Davidson and 

L. G. Mitten E27 
InpusTRAIL TRaAtINtnGc Arps. J. Gam- 

mel] 10, 502 
INFINITE SPHERE, Tue. A. FE. Sander- 

son ra Ss 8, 402 
INFORMATION Services at A.F.C. D. 

Puleston ee, ee 
INTEGRAL, A DovuB.e. E. A. Whitman 10, 513 
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Is Less THAN GRADUATION WortTH- 
WHILE? C, J. Freund... :. 
JAPAN, A.S.E.E. Mission to. H. IL 
Hazen.... 10, 
LAMME AWARD RECIPIENT. . l 


EDUCATION 


LAND-GRANT INSTITI TIONS, 
In. E. E. Day 


LipraRyY CaN Serve, How tue. J. H. 


Moriarty....... 9, 
LIFE 1s SHort. C. J. Freund..... 8, 
LusTReE oR GLITTER? J. A. Hannah... .1, 


MACHINE DesiGn, GRADUATE WorK IN. 
R. R. Slaymaker and D. K. Wright 
; a; 
CHARLES ELLISON—IN 


MacQi IGG, 


MemorRIAM 9, 
MANPOWER COMMISSION OBJECTIVES, 
E.J.C. C. H. Brown 2, 
MANPOWER, ENGINEERING. D. G. Mitch- 
| ao 5 ae 
MANPOWER, PROBLEM OF SCIENTIFIC. 
M. H. Trytten. . oy 
MATERIALS IN NUCLEAR ENGINEERING. 
D. H. Gurinsky.. . ; 2, 


Mato ENTRANCE REQUIREMENTS PRop- 


LEM. L. A. Rose 8, 
MATHEMATICAL ANALYsIs. R. Olden- 
burger... .. 3 
MATHEMATICS, RETENTION oF. J. W. 
COE. okt da : }. 
MINUTES OF THE ExeEcuTIVE Boarp 
MEETING E; 
MINUTES OF THE ExeEcuTIVE Boarp 
MEETING. .. ; 3, 
MINUTES OF THE Executive Boarp 
MEETING re — ° 
MINUTES OF THE GENERAL COUNCIL 
MEETING 3% eee © 
MINUTES OF THE GENERAL CoUNCIL 
MEETING F .5, 
MINUTES OF THE 59TH ANNUAL MEET- 
ING. . l, 
Miss1on TO JAPAN, A.S.E.E. H. L. 
Hazen...... 10, 
NATIONAL SCIENCE FouNDATION DkrE- 


VELOPMENTs. A. A. Potter.... 2, 
NATIONAL Scrence Founpation, En- 


GINEERING Researcu IN. P. FE. 
Klopsteg. . . 5, 
NATURE OF Goop TracuIne, Tue R. L. 
Sweigert. i, 
New Hampsarre—VERSATILE Vaca- 
TIONLAND. J. A. Bennett... . }, 
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NON-ENGINEER LOOKS AT STUDENTS. STANDARDS AND THE YOUNG ENGINEER 
A. M. Buchan 4, 229 T. D. Jolly i 
NUCLEAR AND ELectTrRICAL ENGINEER- STRUCTURAL ENGINEERING, GRADUA 
ING. E. Weber 5, 280 Srupy in. A. A. Brielmaier ! 
NUCLEAR ENGINEERING, MATERIALS IN STUDENT EvaLuaTION oF TEACHING 
D. H. Gurinsky 2, 90 H. W. Case O 44 
NucLeEaR Reacrors, Heat TRANSFER STUDENT-Facutty Evatvarion Com 
tin. R. N. Lyon 2, 88 MITTEE, REPORT OF THI X 4 
STUDENTS, NOoON-ENGINEER Loot 
PARABLE, THE ENGINEER—A. D. B A. M. Buchan $, 229 
Steinman 10, 489 
PETROLEUM, GEOLOGY AND GEOPHYSICS T-SquareE Paci 18] 
J. T. Wilson 5, 205 Teacuers, CarReeER Possreiuirii : 
PurLosopuy or Grapuics, A. J.T. Rule L. O. Stewart 1, 222 
nes 9, 467. Teacutnc Arps, Errectriven Ol 
PHOTOELASTIC EXpreRIMENT, A. T. T C. W. Muhlenbruch , 146 
Liddicoat 1.36 Teacutnc Ossectives, DetrerRMintn 
Pornt IV. G. H. Bennett 2, 139 F. Kerekes i, gaa 
Potytropic Process. E. J. Wellman. ..9, 474 Teams, WINNING. EF. C. Koerper 10, 489 
PREPARATION FOR COLLEGE, IMPROVED TECHNICAL INSTITUTE Comes oF AG 
C. E. MacDonald 9, 432 KE. E. Booher 8, 337 
PROBLEM OF ScIenTIFIC MANPOWER. Tests For Appiicants. A. P. Johnson 10, 597 
M. H. Trytten 2. 75 THAYER SCHOOL oF ENGINEERING 8, 375 
Pusiic RELATIONS, SCIENCE AND. J. I TuHeory oF Work Hasirs. W. C. Krath- 
Mattill. ... 10, 507 wohl 3, 157 
THERMODYNAMICS FOR GRADUATE St 
QUESTIONS CONCERNING THE ENGINEER- DENTS. A. B. Cambel 4, 177 
ING Curricutem. L. FE. Grinter. ..5, 26 Trety Tips 
ENERGY IN ApDIABATIC EXPANSION. 
REPORT OF THE SrupENT-Facutry an B. Nordquist I, 52 
EVALUATION COMMITTEE 8, 415 TEACHING DEFLECTION M W 
RESEARCH AND DeveLtopmentT. E. A Jackson 2, Ile 
Walker... 3 196 Bie AND Lire NumBers. H. R 
Researcu, Design RELATED To. | hmcipeanenges and R. E Newton. 2, 114 
sao dae 7 349 ROLLING WITH SLIPPING. 5 R. I 
’ on ss : = echowski 5 6183 
Resot RCES FOR University Resear He On Envenores. H. W. Brinkman and 
A. F. Spilhaus and J. L. Mattill 9, 270 ay ee 92> 
v. AL. Posenbaum $ 235 
RETENTION or Matuematics. J. W. a Tuermat Erriciencies. S. Comas. 
Cell... 1 y gar rv { 237 
, QUESTIONNAIRES. A. M. Hill 7, 363 
Sates, THe ENGINEER AND. J. Gam- DEFLECTIONS. G. Sonnemant 7 262 
mell.... D, 291 Drrect Approach TO Derriecrions 
ScrENCE AND Pus.iic Retwations. J. I R. H. Upson 8 499 
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100 MILLIMETERS 





INSTRUCTIONS Resolution is expressed in terms of the lines per millimeter recorded by a particula 
film under specified conditions. Numerals in chart indicate the number of lines per millimeter in adjaceng 
“T-shaped” groupings. 

In microfilming, it is necessary to determine the reduction ratio and multiply the number of lines in thé 
chart by this value to find the number of lines recorded by the film. As an aid in de ermining the reductio 
ratio, the line above is 100 millimeters in length. Measuring this line in the film image and dividing the lengtl 
into 100 gives the reduction ratio. Example: the line is 20 mm. long in the film image, and 100 20 5 


Examine “T-shaped” line groupings in the film with microscope, and note the number adjacent to finest 
lines recorded sharply and distinctly. Multiply this number by the reduction factor to obtain resolving powe 
in lines per millimeter. Example: 7.9 group of lines is clearly recorded while lines in the 10.0 group ar 
not distinctly separated. Reduction ratio is 5, and 7.9 x § 39.5 lines per millimeter recorded satisfacto- 
ily. 10.0 x 5 50 lines per millimeter which are not recorded satisfactorily. Under the particular condi- 


ions, maximum resolution is between 39.5 and 50 lines per millimeter. 
Resolution, as measured on the film, is a test of the entire photographic system, including lens, exposure 


processing, and other factors. These rarely utilize maximum resolution of the film. Vibrations durin; 
‘xposure, lack of critical focus, and exposures yielding very dense negatives are to_ be avoided. 
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